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Abstract: The sulfhydryl group of clopidogrel metabolite could induce insulin autoimmune syndrome (IAS) with hypoglycemia as 
the major symptom. For patients with cardiovascular disease taking clopidogrel for vascular protection, this adverse event 
hypoglycemia increases the risk of cardiovascular events. However, discontinuing clopidogrel leaves patients without appropriate 
antiplatelet therapy. Treating IAS with glucocorticoids is also risky for these patients’ primary cardiovascular diseases. Early 
recognition and appropriate treatment of clopidogrel-induced IAS (CIAS) would be beneficial for patients. This research aimed to 
discover the clinical features and investigate optimal therapeutic management of CIAS. We systematically searched for cases of 
CIAS in PubMed and Embase and performed data mining in Food and Drug Administration Adverse Event Reporting System 
(FAERS). In the CIAS series, clinical features were summarized and compared to 287 IAS cases, including demographic 
information, HLA alleles, onset, and symptoms. The therapeutic effect of glucocorticoids was compared between the receiving 
group and the not-receiving group. The possibilities of common antiplatelet drugs to induce hypoglycemia/IAS were investigated 
with chemical structure and FAERS reports. A CIAS series of 51 patients was established. CIAS had an onset age of 74.8±8.6 years 
old, 92.2% male, and a balanced proportion of East Asians and non-East Asians. Confusion occurred more frequently in CIAS than 
in IAS from various causes, while the other symptoms and hypoglycemia types were similar. The recovery time was approximately 
the same whether using glucocorticoids/immunotherapy in CIAS or not. Among common antiplatelet drugs, ticagrelor and 
rivaroxaban were unlikely to induce hypoglycemia/IAS. Clopidogrel is a distinctive cause of IAS featuring an elderly male 
presenting confusion as the symptom of hypoglycemia. Glucocorticoids/immunotherapy might not be necessary for the long-term 
recovery of CIAS. To balance the risks of hypoglycemia and cardiovascular events, substituting clopidogrel with ticagrelor and 
rivaroxaban might be considered. 
Keywords: autoimmune hypoglycemia, antiplatelet therapy, glucocorticoids, cardiovascular diseases, ticagrelor

Introduction
Insulin autoimmune syndrome (IAS) is a relatively rare cause of spontaneous hypoglycemia featured with hyperinsulin
ism and an increase in insulin autoantibody (IAA). The incidence is higher in populations with genetic backgrounds of 
susceptible human leukocyte antigen (HLA) alleles.1 One of the major triggers of IAS was the medication containing the 
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sulfhydryl group or generating the sulfhydryl group during metabolism. The underlying mechanism has been proposed 
that the sulfhydryl group disrupts disulfide bonds of the endogenous insulin molecule. As the conformation changes, the 
insulin is recognized and presented by the major histocompatibility complex (MHC). Subsequently, IAA is produced and 
captures insulin. Since the binding of IAA and insulin is unstable, hypoglycemia occurs when insulin is released in large 
quantities into the blood at once.2,3

Multiple drugs with the sulfhydryl group have been discovered to be associated with this autoimmune process, 
including methimazole, captopril, diltiazem, hydralazine, isoniazid, penicillamine, alpha lipoic acid, and the active 
metabolite of clopidogrel.4 Clopidogrel is a cornerstone antiplatelet medication frequently recommended in clinical 
guidelines, commonly prescribed in a massive number of cardiovascular, cerebral vascular, and peripheral artery disease 
patients. Hypoglycemia manifesting in IAS could induce severe outcomes in the cardiovascular and neural systems. 
Since this harm could exacerbate the state of primary illness and even threaten the patient’s life,5,6 it is important to 
improve early recognition by summarizing clinical characteristics of clopidogrel-induced IAS (CIAS). For appropriate 
treatment, it is urgent to maintain control over primary diseases while treating IAS by exploring possible antiplatelet 
alternatives and the necessity of glucocorticoids.

In this study, we aimed to establish a CIAS case series by a systematic case review, including an index patient 
diagnosed and treated in our hospital, reports from literature and real-world data from Food and Drug Administration 
Adverse Event Reporting System (FAERS). To discover the distinctiveness of CIAS, clinical characteristics would be 
summarized and compared to that of IAS from various causes. Since we substituted clopidogrel with alternative 
antiplatelet drugs without using glucocorticoids in the index case, we also aimed to explore more optimal therapeutic 
management in this CIAS series. Given that antiplatelet therapy is essential in the secondary prevention of cardiovascular 
and cerebrovascular diseases, we would like to investigate the possibilities of other antiplatelet drugs to induce IAS and 
find possible choices to substitute clopidogrel.

Materials and Methods
Case Presentation
We first reported an index case diagnosed with CIAS and treated in our hospital. An 82-year-old Chinese male was admitted to 
our hospital on November 17th, 2020. He had experienced episodic hypoglycemia for about a month. During hypoglycemia 
onset, he had blood glucose <2.8 mmol/L (50.4 mg/dL), insulin >25 μIU/mL, and IAA > 400 RU/mL. He was diagnosed with 
coronary heart disease in April 2019, and non-ST-elevation myocardial infarction (NSTEMI) in June 2020. Considering the 
symptom of hypoglycemia, high level of insulin and IAA, we considered him as hyperinsulinism hypoglycemia. After he was 
hospitalized and fully examined, he was diagnosed with IAS. Among his regular medications, clopidogrel was the only one that 
could produce sulfhydryl group, a trigger of IAS. His HLA typing was HLA-DRB1*0403/1147 and DQB1*0301/0302. He 
discontinued clopidogrel on November 20th, 2020. Since then, IAA titer fell from 7290.4 RU/mL to 326.03 RU/mL in 12 days 
and total insulin fell from 831 μIU/mL to 322 μIU/mL in two weeks. His hypoglycemia never recurred, with blood glucose 
maintaining in normal range. According to the European Society of Cardiology (ESC) Guidelines,7 rivaroxaban was prescribed 
as alternative to provide “dual pathway” protection with aspirin. Antiplatelet drugs were not selected as we were uncertain of IAS 
impact on platelet aggregation. He was discharged on December 17th, 2020 and monitored in the outpatient service. He had 
planned to have coronary stenting, so ticagrelor was prescribed to substitute rivaroxaban on April 8th, 2021 to restart his dual 
antiplatelet therapy (DAPT). On June 2nd, 2021, he was implanted with two stents in the right coronary artery. Up to the latest 
follow-up on July 9th, 2021, he had no signs of angina pectoris or hypoglycemia, and his IAA maintained in the normal range.

Literature Searching Strategy
Further CIAS cases were searched in PubMed and Embase from inception to September 4th, 2022. To avoid missing, we 
searched for both IAS and autoimmune hypoglycemia related to clopidogrel in the title, abstract, keywords, and full text. 
The searching strategy was (Clopidogrel OR Duoplavin OR Plavix OR Zyllt) AND (“insulin autoimmune syndrome” OR 
“Hirata disease” OR ((hypoglycemia OR hypoglycaemia) AND (autoimmune OR autoimmunity))). No restriction was set 
on language or publication time. Full texts of all the searching results were retrieved.
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FAERS Data Mining Strategy
FAERS is a FDA post-marketing safety surveillance program for approved drugs and biologics. It provides adverse events and 
medication error reports at the patient level.8 “Insulin autoimmune syndrome” (code: 10022472) and “hypoglycemia” (code: 
10020993) were selected as the preferred term (PT) in the adverse event (REAC) file. The brand name (“CLOPIDOGREL”) 
and generic names (“PLAVIX”, “DUOPLAVIN”, “ZYLLT”) of clopidogrel were selected in the drug information (DRUG) 
file. “PS” (primary suspected) was chosen as the role_cod. The MedDRA (Version 23.1) and the MICROMEDEX® were used 
for data mapping. The MICROMEDEX® was utilized as a drug dictionary.

Selection Criteria
For literature searching results, all were screened according to the following predefined criteria. Inclusion criteria: (1) The patient 
had a definitive diagnosis of IAS and other causes of hypoglycemia and autoimmune diseases were excluded; (2) The patient 
took clopidogrel before the onset of hypoglycemia; (3) The patient took clopidogrel at an indication dose; (4) possible adverse 
events of hypoglycemia and IAS caused by concomitant drugs were excluded. Exclusion criteria: (1) The case was published 
without peer review; (2) The clinical records were not clearly reported, eg, the patient was not clearly diagnosed of CIAS; (3) 
Clopidogrel was not the only IAS-inducible medication taken prior to onset. For FAERS data mining results, data deduplication 
was conducted according to the FDA’s recommendations. We removed data from the deleted file and kept the latest FDA_DT 
when the CASEIDs were the same and the higher PRIMARYID when the CASEID and FDA_DT were the same.

Data Extraction and Combination
For each included case from the literature, we extracted the following information with a standard collection form: report 
time, age, sex, race, HLA genotype, clinical symptoms, hypoglycemia types (postprandial, fasting, exercise-induced), 
concomitant drugs, treatment, and outcomes were extracted. For each included case from FAERS, we extracted records 
of demography, indication, drug administrative information, onset time, and outcome. Cases from literature and FAERS 
were combined into one CIAS series. After combination, cases with the same age, sex, race, and report time were 
removed to avoid possible duplication.

Quality Assessment
The literature searching, FAERS data mining, data selection, and data extraction were performed with critical appraisal 
according to a methodological guide for case reports and case series.9 Double-blind searching and selection were 
conducted by JQ and BZ. Disagreements were solved by consulting a third investigator SC.

Statistical Analyses
Clinical characteristics of the CIAS case series were summarized and compared to features of 287 IAS cases from 
a systematic case review.10 The authors searched with the terms “insulin autoimmune syndrome” and “Hirata disease” in 
the time range of 1960 to August 2021. Given that the authors performed statistics on East Asian and non-East Asian 
patients separately, we manually calculated the clinical data of all patients. In the comparative analysis of CIAS versus all 
IAS, continuous data were analyzed with the t-test, while categorical data were analyzed with the χ2 test and two-sided 
Fisher’s exact test (when sample sizes were small). P-value <0.05 was considered statistically significant. All statistical 
analyses were conducted with the R studio (version 4.0.0).

Investigation of the Possibility of IAS/Hypoglycemia Induced by Other Antiplatelet Drugs
We further investigated the possibilities of IAS/hypoglycemia induced by other antiplatelet drugs (aspirin, ticagrelor, 
prasugrel, dipyridamole, tirofiban) and rivaroxaban. Rivaroxaban was included because it is recommended as an alternative 
to clopidogrel or ticagrelor to combine with aspirin in the ESC Guidelines of non-ST-segment elevation acute coronary 
syndrome.7 Criteria of IAS/hypoglycemia-inducible were defined as (1) The chemical structure of the drug contains the 
sulfhydryl group (–SH); (2) The drug has been reported to induce IAS/hypoglycemia at therapeutic dose in clinical practice.
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Chemical structures of these drugs were achieved from the DrugBank Online, Database for Drug and Drug Target 
Info (https://go.drugbank.com/, accessed on February 13th, 2022). Reports of IAS/hypoglycemia in clinical practice were 
investigated with a similar strategy to clopidogrel (literature searching strategy, selection criteria, data extraction and 
combination, quality assessment). We searched with the strategy (generic name OR brand name) AND (“insulin 
autoimmune syndrome” OR ((hypoglycemia OR hypoglycaemia) AND (autoimmune OR autoimmunity))) from inception 
to September 10th, 2022 (brand names and generic names were shown in Table S1).

Results
Searching Results
The flowchart of the identification, screening, and inclusion process is shown in Figure 1 according to the PRISMA 
guide.11 We obtained 12 CIAS cases from electronic literature search4,12–21 and 45 cases from FAERS. We combined 
records of these cases with the index case diagnosed with CIAS and treated in our hospital. Seven were considered 
possible duplications and were removed. At last, 51 patients were included in the case series. Individual clinical data of 
these cases were extracted and shown in Tables S2–S4.

Demographic Information
In the CIAS case series, the onset age was 74.8±8.6 years old, which was significantly greater than 53.0±20.0 years old of IAS 
from various causes (p < 0.001). The CIAS patients were almost all males while there was no obvious sex difference in IAS 
(p < 0.001). There were 25 East Asian and 26 non-East Asian patients in CIAS, and 145 East Asian and 142 non-East Asian 
patients in IAS, both showing a balanced race distribution (p = 0.946) (Table 1). In the CIAS series, the East Asian group had 

Figure 1 Flowchart of case identification. 
Notes: *Cases from literature databases, FAERS, and the index case were combined into one clopidogrel-induced IAS (CIAS) series. After combination, cases with the same 
age, sex, race, and report time were removed to avoid possible duplication. PRISMA figure adapted from Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372. Creative Commons.
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an onset age of 76.2±8.4 years old and 88% of males while the non-East Asian group had an onset age of 73.4±8.7 years old 
and 96% of males. No significant age or sex differences were observed between these two races (Table S5).

HLA Alleles
HLA genotyping results were reported in nine CIAS cases and 98 IAS cases. In the CIAS series, DRB1*0403, DRB1*0404, 
DRB1*0406, and DQB1*0302 were the most frequent HLA alleles, similar to that of IAS. In the East Asian race group, 
DRB1*0403 was the most common type in CIAS (p = 0.0463), while DRB1*0406 was the most in all IAS (p = 0.0315). In the 
non-East Asian race group, there was no HLA distribution difference between CIAS and IAS (all p > 0.05) (Table 2). In the CIAS 
series, though East Asians tended to carry more DRB1*0403, DRB1*0406, and DQB1*0302 than non-East Asians, the 
difference was not statistically significant (all p > 0.05). In the IAS series, DRB1*0406 was more frequent in East-Asians 
(p < 0.001), while DRB1*0403 (p < 0.001) and DRB1*0404 were more frequent in non-East Asians (p=0.027) (Table 2).

Clinical Onset and Symptoms
In CIAS, indications of clopidogrel were mainly cardiovascular or cerebrovascular diseases, including coronary artery 
disease, stroke, and peripheral vascular disease. The onset time was reported in 11 cases from literature, varying as 1 
week, 1 week, 10 days, 3 weeks, 1 months, 4 months, 9 months, “months”, 2 years, and 2 years (Table S3). The main 
symptom was spontaneous recurrent hypoglycemia in all cases. Laboratory tests showed high titer of IAA and increase in 
total insulin. In comparison of CIAS to IAS from various causes, hypoglycemia types and symptoms were similar except 
that CIAS patients were more likely to be presented with confusion in hypoglycemia (p = 0.013) (Table 3).

Treatment and Outcome
In both CIAS and IAS series, most patients were treated with traditional IAS therapy, including drug discontinuation, diet 
modification, and glucocorticoids. Plasmapheresis, immunoadsorption or rituximab were also administrated in few 

Table 1 Reported Demography of CIAS and Comparison to All IAS

CIAS (n=51) All IAS (n=287) p-value

Age (years) 74.8±8.6 53.0±20.0 <0.001

Sex (male/female/not reported) 92.2/7.8/0 43.5/55.8/0.7 <0.001

Race (East Asian/non-East Asian) 49.0/51.0 50.5/49.5 0.9456

Notes: The data of age are shown as mean ± SD; the data of sex and race were shown as percentage; significant 
p-values (p<0.05) are indicated in bold; in the difference tests of sex, the “not reported” category was excluded. 
Abbreviations: IAS, insulin autoimmune syndrome; CIAS, clopidogrel-induced IAS.

Table 2 Reported HLA Alleles of CIAS and Comparison to IAS from Various Causes

CIAS IAS from Various Causes p-value 
CIAS vs IAS

Total 
(n=9)

EA 
(n=6)

NEA 
(n=3)

p-value: EA vs 
NEA

Total 
(n=98)

EA 
(n=52)

NEA 
(n=46)

p-value: EA vs 
NEA

EA NEA

DRB1*0403 4 3 1 1.000 20 3 17 <0.001 0.046 1.000

DRB1*0404 2 1 1 0.427 10 2 8 0.027 0.404 0.463

DRB1*0406 2 2 0 1.000 40 35 5 <0.001 0.032 1.000

DQB1*0302 2 2 0 1.000 13 6 7 0.592 0.605 1.000

Other 7 5 2 1.000 47 24 23 0.704 0.761 0.640

Notes: Significant p-values (p<0.05) are indicated in bold; p-values: EA vs NEA of IAS from various causes were extracted from the reference systematic case review. 
Abbreviations: IAS, insulin autoimmune syndrome; CIAS, clopidogrel-induced IAS; EA, East Asian; NEA, non-East Asian.
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patients with severe symptoms. There was no treatment strategy difference between CIAS and IAS (all p > 0.05) 
(Table S6). In cases using alternative antiplatelet drugs after discontinuing clopidogrel, ticagrelor and rivaroxaban were 
mentioned as possible options (Table S4). In the CIAS series, patients receiving glucocorticoids/immunotherapy or not 
showed no difference in age, sex, race, and the recovery time (all p > 0.05) (Table 4).

Table 3 Reported Clinical Onset and Symptoms of CIAS and Comparison to All IAS

CIAS All IAS p-value

Type of hypoglycemia n=11 n=124

Fasting hypoglycemia 9 79 0.153

Postprandial hypoglycemia 3 83 0.087

Exercise-induced hypoglycemia 1 7 0.454

Symptoms n=11 n=141

Sweating 6 81 0.805

Palpitations/ tachycardia 2 47 0.753

Loss of consciousness 1 38 0.491

Fatigue 2 29 1.000

Tremor 3 36 0.728

Dizziness 3 27 0.427

Polyphagia 0 26 0.395

Confusion 5 19 0.013

Coma 1 10 0.525

Weight loss 0 6 1.000

Blurred vision 0 6 1.000

Somnolence 0 5 1.000

Polydipsia 0 4 1.000

Seizure 3 Not mentioned NA

Note: Significant p-values (p<0.05) are indicated in bold. 
Abbreviations: IAS, insulin autoimmune syndrome; CIAS, clopidogrel-induced IAS.

Table 4 Reported GC/Immunotherapy Use in the Treatment of Clopidogrel-Induced IAS

GC/Immunotherapy 
(n=9)

No GC/Immunotherapy 
(n=4)

p-value

Age (years) 71.7±10.6 76.0±8.5 0.457

Sex (male/female) 77.8/22.2 100.0/0 1.000

Race (EA/NEA) 33.3/66.7 100.0/0 0.070

Recovery time (months) 6.0±5.8 5.0±1.6 0.683

Notes: The data of age and recovery time are shown as mean ± SD; the data of sex and race were shown as percentage; in 
the calculation of average recovery time, two cases were removed due to vague description or extremum number. 
Abbreviations: GC, glucocorticoids; EA, East Asian; NEA, non-East Asian.
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IAS and Autoimmune Hypoglycemia Induced by Other Antiplatelet Drugs
Chemical structures of the active metabolite of clopidogrel, aspirin, ticagrelor, prasugrel, dipyridamole, tirofiban, and 
rivaroxaban were obtained. Only the active metabolite of clopidogrel and prasugrel carry sulfhydryl groups (Figure S1). 
In literature search, we screened all the search results and no antiplatelet drug was found related to IAS or autoimmune 
hypoglycemia except for clopidogrel (Table 5).

Discussion
This study focused on IAS and autoimmune hypoglycemia as adverse events of clopidogrel. We generated findings as 
follows: (1) A CIAS series of 51 patients was established, which was the CIAS case series with the largest sample 
number to our knowledge; (2) CIAS featured an elderly male patient with confusion as the symptom of hypoglycemia, 
indicating clopidogrel might be a distinctive cause of IAS; (3) Glucocorticoids and immune therapy might not be 
necessarily determining for recovery of CIAS; (4) Drug substitution after clopidogrel discontinuation should be 
considered to protect over cardiovascular risk. Among common antiplatelet medications, only clopidogrel was associated 
with IAS and autoimmune hypoglycemia. Ticagrelor and rivaroxaban might be possible alternatives to clopidogrel based 
on current clinical experience.

In previous reviews of CIAS, the maximum number of cases was at most four.4 None of these reviews included 
reports from real-world data as FAERS. In our study, we first identified 12 cases in literature based on systematic 
literature research. Combined with real-world data from FAERS, we established a CIAS series of 51 patients in total, far 
more than the prior series. Typically, IAS was observed occurring in patients over 40 years old, with a peak at 60–69 
years of age.3,22 In our case review, the average age of onset was around 75 years old, indicating the vulnerable 
population was older than the general IAS patients. IAS was reported to affect both sexes equally.2,3 However, 92.2% of 
patients were males in our case series. A possible explanation was males were more likely to develop cardiovascular, 
cerebrovascular, and peripheral artery diseases, thus taking clopidogrel as a regular medication. In a word, a patient 
susceptible to IAS when taking clopidogrel was characterized as a male in the seventies.

One more to be noticed was that approximately the same numbers of East Asian and non-East Asian patients were 
found in this case review. This result was inconsistent with the geographic distribution of IAS that more Asian patients 
were found than Caucasians.23 It is reported that patients carrying specific HLA alleles, which encode the major 
histocompatibility complex (MHC) molecules, are more vulnerable. HLA-DRB1*0403 and HLA-DRB1*0406 were 
reported to be such susceptible alleles.3,24–27 Asians, especially Japanese, carry these alleles at a higher frequency, thus 
more vulnerable to developing IAS.2 Our case review demonstrated that susceptible HLA alleles of CIAS were 
DRB1*0406, DRB1*0403, DRB1*0404, and DQB1*0302. All these four alleles have been previously reported to be 
associated with IAS.3,24–27 Given that age, sex, race, and HLA-genotype are essential diagnostic clues of IAS, our 
summary provided specific points for CIAS early recognition.

Table 5 Reports Related to IAS or Autoimmune Hypoglycemia of Antiplatelet Drugs

Drug PubMed 
Search Result

Embase 
Search Result

Reports Related to IAS/ 
Hypoglycemia

Clopidogrel 7 21 12

Aspirin 158 7 0

Ticagrelor 0 1 0

Prasugrel 0 0 0

Dipyridamole 0 1 0

Tirofiban 0 1 0

Rivaroxaban 0 3 0
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The duration from the medication initiation of clopidogrel to the onset of CIAS varied among patients. As this 
research was the first attempt to uncover the onset time of IAS, there were no previous reports for reference. The result 
ranged from one week to 2 years, which probably originated from the complex mechanism of clopidogrel to induce IAS. 
This multi-step autoimmune process involved the interaction of clopidogrel metabolite with insulin and endogenous 
antigen with innate immune response. As a result, the onset time heavily depended on the heterogeneity of the immune 
system. More cases might be needed for a more statistically convincing conclusion. Confusion was a distinctive feature 
more common in CIAS than in IAS. Considering confusion was a relatively worrying event for an elderly male patient, it 
is important to recognize and prevent CIAS.

The index patient in our hospital got recovered by diet modification and clopidogrel substitution with rivaroxaban and 
then ticagrelor without taking glucocorticoids. To previous knowledge, IAS is generally self-limiting after discontinua
tion of the triggering drug. Tradition treatment also includes frequent, low-carbon diets and glucocorticoids. Medications 
such as diazoxide, octreotide, and acarbose have also been applied to regulate insulin secretion and glucose 
metabolism.2,28 For cases with refractory hypoglycemia and severe symptoms, plasmapheresis and rituximab would be 
beneficial.2,4,29 In this CIAS series, all patients were treated consistently with the traditional strategy. To alleviate 
symptoms, glucocorticoid is the first choice to downregulate antibody levels. And in the point of etiology, drug 
discontinuation is also of importance. However, none of these cases emphasized drug substitution after clopidogrel 
discontinuation.

In fact, the use of glucocorticoids is a balance of risks and benefits. On one hand, glucocorticoid alleviates 
hypoglycemia and cures IAS. On the other hand, it also exposes the patient to risks of refractory angina and even 
aggravation of the primary disease. Glucocorticoid was reported to increase cardiovascular risk even at low doses in 
patients with immune-mediated diseases.30 It influences vascular function, arteriosclerosis, and vascular remodeling after 
intravascular injury or ischemia.31 In this CIAS case series, most patients recovered in several months except for those 
treated with plasma exchange. The risk of glucocorticoids could not be ignored during this long recovery period. Four 
CIAS patients recovered without glucocorticoids or other immunotherapy in the same time period as those with 
immunotherapy, indicating drug cessation alone was effective enough for patients with mild symptoms. As discontinuing 
the medication is not a decision of tradeoff, it would be more beneficial if considered a priority. To be noticed, the IAA 
titer of the index patient plummeted in the first 10 days after drug cessation, which is consistent with the pharmacody
namics and pharmacokinetics. Therefore, the first 1~2 weeks might be a key monitoring time to evaluate the effect of 
drug cessation and decision on glucocorticoid use.

Considering that IAS and the primary disease should be balanced in treatment, we proposed that it might be beneficial 
to incorporate drug substitution into the treatment of CIAS. In the index patient, clopidogrel was a crucial element of dual 
antiplatelet therapy (DAPT) for his acute coronary syndrome. In searching for non-hypoglycemia inducible alternatives, 
we investigated both chemical structures and related literature reports. Chemicals either containing a sulfhydryl group or 
with IAS/autoimmune hypoglycemia adverse events were excluded. Given that prasugrel carries a sulfhydryl group, 
ticagrelor, and rivaroxaban were selected in the treatment of the index patient according to ESC guidelines for non-ST- 
segment elevation acute coronary syndrome.7 Ticagrelor has also been presented as an alternative to clopidogrel after 
hypoglycemia attacks in a pharmacovigilance study.32

There were some limitations in this study. First, though we reached all available resources including real-world data 
to consummate the case series, there might still be unreported cases. Also, evidence based on chemical structures and 
literature reports seemed limited to prove the association between IAS and other antiplatelet medications. However, 
more evidence seemed limited because hypoglycemia is a relatively rare endpoint in clinical trials or observational 
studies.

Conclusion
In summary, based on a systematic case review with most cases, a CIAS patient is characterized as a male in the 
seventies carrying susceptible HLA alleles when compared to IAS patients from various causes. Antiplatelet substitution 
after clopidogrel discontinuation is essential in therapy to ensure control over cardiovascular risks. Ticagrelor and 
rivaroxaban were optional alternatives according to current clinical experience. Considering the balance between the 
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harm to primary diseases and the treatment effect of IAS, glucocorticoids might not be the ideal first-line therapy. We 
believe that the clinical characteristics and therapeutic management of CIAS proposed in this study would help clinicians 
to early recognize such patients and provide practical implications in treating for better prognosis.
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