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Abstract

New therapeutic approaches are needed for gestational diabetes mellitus (GDM), but must show 

safety and efficacy in a historically understudied population. We studied associations between 

electronic medical record (EMR) phenotypes and genetic variants to uncover drugs currently 

considered safe in pregnancy that could treat or prevent GDM.

We identified 129 systemically active drugs considered safe in pregnancy targeting the proteins 

produced from 196 genes. We tested for associations between GDM and/or type 2 diabetes (DM2) 

and 306 SNPs in 130 genes represented on the Illumina Infinium Human Exome Bead Chip (DM2 

was included due to shared pathophysiological features with GDM). In parallel, we tested the 

association between drugs and glucose tolerance during pregnancy as measured by the glucose 

recorded during a routine 50-gram glucose tolerance test (GTT).

We found an association between GDM/DM2 and the genes targeted by 11 drug classes. In the 

EMR analysis, 6 drug classes were associated with changes in GTT. Two classes were identified in 

both analyses. L-type calcium channel blocking antihypertensives (CCBs), were associated with a 

3.18mg/dL (95% CI −6.18 to −0.18) decrease in glucose during GTT, and Serotonin receptor type 
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3 (5HT-3) antagonist antinausea medications were associated with a 3.54mg/dL (95% CI 1.86 to 

5.23) increase in glucose during GTT.

CCBs were identified as a class of drugs considered safe in pregnancy could have efficacy in 

treating or preventing GDM. 5HT-3 antagonists may be associated with worse glucose tolerance.

Graphical abstract

Introduction

Gestational diabetes (GDM) affects nearly 1 in 12 pregnancies in the United States, and is 

increasing in the developing world including up to 14% in Africa1,2. GDM is generally 

defined as elevated fasting glucose or elevated glucose in an oral glucose tolerance test3. 

GDM is caused by a combination of insulin resistance (similar to DM2) and inadequate 

insulin production to accommodate the fetus (despite elevated maternal insulin levels)4. It is 

associated with complications including macrosomia, shoulder dystocia, preterm birth, pre-

eclampsia, and stillbirth5. Unlike other major pregnancy complications that occur late in 

gestation (e.g., preterm birth or pre-eclampsia), GDM is diagnosed in the second trimester, 

providing a relatively long window for potential intervention.

GDM is associated with an increased risk of subsequent GDM and DM2 in both mother and 

infant, raising the worrisome possibility of a vicious intergenerational cycle6,7. Current 

therapy for GDM relies on the use of insulin and two oral hypoglycemic medications, 

metformin and glyburide. There is good quality evidence that treatment of GDM normalizes 

blood sugar and results in lower birthweight and frequency of large for gestational age 

infants8. However, treatment does not reduce BMI Z-score, waist circumference, or fasting 

glucose in offspring at 8–10 years of follow-up9. Treatment of women with a history of 

GDM with metformin or intensive lifestyle modification reduces their risk of progression to 

DM2 to approximately that of women with similar baseline characteristics but no history of 

GDM10.However, there is no evidence that intrapartum therapy has any effect on 

progression to DM211. The identification of additional medications safe in pregnancy that 

treat GDM could improve outcomes and give providers more alternatives to oral or systemic 

glucose-lowering agents.
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Although the need for new treatments is apparent, the usual target-driven path to drug 

discovery is especially cumbersome in pregnancy. The high cost of new, in-patent 

medications is particularly problematic for a disease with a growing burden in low and 

middle-income countries. An alternative strategy is drug repurposing using an FDA-

approved drug applied to a novel disease, particularly those known to be safe in pregnancy. 

One example of successful repurposing is metformin for polycystic ovarian syndrome. In the 

maternal-fetal arena, drug repurposing has an additional motivation – because of the 

perceived medical, ethical and legal consequences of teratogenesis, new medications are 

essentially never tested on pregnant women12.

The purpose of this study was to use an informatics-based approaches as a hypothesis-

generating method to identify drug repurposing candidates for GDM (Figure 1).

Research Design and Methods

Drug and gene selection

Because we were unable to identify a comprehensive list of U.S. Food and Drug 

Administration (FDA) drug safety-in-pregnancy ratings, we compiled a list of drugs 

considered safe in pregnancy from the Australian Prescribing Medicines in Pregnancy 

database and two guides for U.S. practitioners13–15. Within the Australian database, we 

selected drugs rated A, indicating no teratogenicity in large human studies or B1, indicating 

no teratogenicity in small human studies and no teratogenicity in animal studies. The U.S. 

FDA has moved away from general pregnancy categorizations in favor of narrative 

description, however these roughly correspond to FDA categories A and B16. Where 

categories were given, e.g., “tricyclic antidepressants”, representative U.S. approved 

examples were included. This initial list consisted of 332 drugs. We selected systemically-

active drugs delivered orally or subcutaneously. We excluded drugs that lacked a clear 

human protein target (e.g., many antibiotics), or are illicit, withdrawn, or contraindicated in 

pregnancy by the FDA regardless of other ratings. This left 129 candidate therapeutic agents 

in 65 mechanistic classes (Table S1a–b). We identified targets based on receptor profiling by 

the Psychoactive Drug Screening Program and “pharmacological action” targets listed in 

DrugBank.ca and mapped these to their respective genes (51, Figure 2). For drugs where 

targets were not identified, we performed a literature search using PubMed and Google 

Scholar to identify plausible targets. A total of 196 genes were identified, reflecting drug 

activity at many targets and multiple drugs with activity at a single protein.

Patient population and genotyping

Patients were identified using the Synthetic Derivative (SD), a de-identified image of 

Vanderbilt University Medical Center’s electronic medical record (EMR). Diagnoses are 

abstracted in the SD according to the International Classification of Diseases, version 9 

(ICD9). Within the SD, ICD9 codes are aggregated into Phecodes, reducing complexity and 

allowing for variation in coding over time17. BioVU is a subset of the SD that includes DNA 

samples and analyses, as previously described18–20.The findings reported here are based on 

the 37,380 BioVU subjects tested using the Illumina Infinium Human Exome Bead Chip. Of 

our 196 genes of interest, 130 are represented on the chip by 306 SNPs.
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Identification of disease associated SNPs in GDM

We identified 1281 women with SNP genotyping aged 15–50 years with clinic visits for 

supervision of a normal or high-risk pregnancy (ICD9 V22.x or V23.x). We excluded 

women with a diagnosis of type I diabetes (Phecode 250.1). GDM shares pathophysiological 

features with DM2, including insulin resistance associated with inadequate insulin 

secretion4. Women with GDM are at increased risk for developing DM2, as opposed to 

DM1. Therefore, we retained women with a diagnosis of DM2 as they have the most severe 

disease. There is no single ICD9 code which maps to GDM. Therefore, we defined cases as 

patients meeting inclusion criteria those with at least one diagnosis of diabetes in pregnancy 

(ICD9 648.0x) or glucose intolerance in pregnancy (ICD9 648.8x). We included the latter 

cases because GDM is defined as glucose intolerance incident in pregnancy and because the 

preferred mapping of ICD10 (which does include codes for GDM) to ICD8 is 648.8x. 

Controls were other women in the cohort. Age at first prenatal visit was used as a covariate. 

This yielded 130 cases and 950 controls. Due to the low number of patients with non-

European ancestry, we further restricted the analysis to those with European ancestry – 

yielding a final total of 85 GDM cases and 622 controls. The average age of the GDM 

GWAS cohort was 27.8+/−6.9 years. For controls, it was 27.6+/−7.0 years vs 29.3+/−6.5 

years for cases (P = 0.002), consistent with the increased incidence of GDM in older 

patients. We performed logistic regression for the presence of GDM in plink version 1.9 

using age as a covariate a minimum minor allele frequency of 0.0521.

Identification of disease associated SNPs in DM2

We reanalyzed data reported in our first description of phenome screening17. We selected 

cases as patients with the diagnosis of type II diabetes (Phecode 250.2), and compared their 

genetics to controls,22. For DM2, there were 4372 cases and 17646 controls. We performed 

logistic regression for the presence of DM2 in plink version 1.9 using age and current sex as 

covariates and a minimum minor allele frequency of 0.001. Due to the lower minimum 

minor allele frequency, we tested 305 SNP associations for DM2 versus 215 for GDM.

Replication of previously established SNP associations with GDM

For 9 SNPs previously established to be associated with GDM (ref 28), we searched our 

datasets for the corresponding SNPs and report the P-value. Because 2 of the 9 SNPs were 

not directly genotyped on the Illumina Infinium Human Exome Bead Chip, we identified 

proxy SNPs in high linkage disequilibrium with the published SNPs using SNAP23. 

Consistent with our previously reported methodology, we considered a SNP as successfully 

replicated if the analysis showed a P-value of < 0.05 (unadjusted)22.

Aggregation and statistics

We combined the SNPs and P-values for GDM and DM2 into a single dataset. Using the 

target genes for each drug as a gene set, we combined the strongest single SNP per gene in 

the gene set using Fisher’s method24,25, as implemented in Python version 3.6, pandas 

version 0.18, numpy version 1.13, and statsmodels 0.8.0 Figure 2. We corrected the resulting 

P-values using gene set permutations with 10,000 permutations per gene count25. The final 
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P-value represents the probability that degree of association between the set of genes 

targeted by the drug and GDM/DM2 could have arisen if the genes were selected randomly.

Robustness testing

We used 3 approaches – 1) We replaced the custom drug-gene target associations above with 

the Pharmacologically Active set from Drugbank.ca and ran the same statistics, 2) We 

replaced the custom drug-gene target associations above with the complete set from 

Drugbank.ca and ran the same statistics, 3) We used the same custom drug-gene target 

associations as above but changed the analysis. Rather than using the strongest P-value SNP 

in each gene to represent that gene, we multiplied the P-value by the square root of the 

number of SNPs in that gene26. This penalizes genes with large numbers of SNPs which 

may have falsely low P-values due to chance.

Effect of drugs commonly used in pregnancy on glucose tolerance test

We sought to determine the extent to which any candidate drugs altered glucose tolerance in 

pregnancy as measured by the GTT. This test is generally administered during the 2nd 

trimester and involves women consuming a 50-gram glucose load with a blood glucose 

measurement 1 hour afterward. Higher blood glucose values indicate worse glucose 

tolerance. We chose to use the GTT as our outcome because, as compared to a diagnosis of 

GDM, GTT is more sensitive to small variations as it is a continuous as opposed to a 

dichotomous variable. We generated a cohort of patients with a GTT in pregnancy. In the 

SD, we selected females with CPT codes indicating a prenatal visit (0500F, 0502F) with a 

CPT code for a 50-gram GTT (82950) and a lab value for a 50-gram GTT (GTT50g), all on 

the same day. We excluded women with a diagnosis of pre-pregnancy diabetes (ICD10 

O24.8x) or type 1 diabetes (ICD10 E10.x, ICD9 250.01, 250.03). This generated a cohort of 

9960 patients. We had complete data for 6390 pregnancies. We identified patients with a 

history of exposure to drug classes based on mention in the EMR using generic and brand 

names. Because the SD does not provide accurate chronological information for 

medications, we could not reliably record the exact timing of exposure relative to gestation 

and treated patients as ‘exposed’ if the medication was mentioned in their record and 

otherwise ‘unexposed’. We excluded classes with fewer than 50 patients in the cohort (e.g. 

memantine, used to treat Alzheimer dementia), lack of FDA approval or a known FDA 

contraindication, over-the-counter (OTC) medications for which ascertainment is 

questionable, and drugs with significant potential for addiction and withdrawal such as 

opiates. Of the 65 medication classes, we examined 20 (Table S1c).

As use of particular drugs generally indicates a particular diagnosis we controlled for the 

effect of their usual indication, e.g. metoclopramide and 5HT-3-antagnoist antinausea 

medications in the context of hyperemesis gravidarum (HG, ICD10 O21.x, ICD9 643.x). We 

performed multivariate linear regression controlling for age, BMI at the time of GTT, race, 

ethnicity, and the indication (e.g., HG for antinausea medications) using statsmodels. We 

plotted mean and SEM of GTT for each drug by adjusting the reported GTT value for 

covariates as well as other drugs that the patient was exposed to that treat the same 

indication using matplotlib version 2.1.
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This study was approved by the Vanderbilt University Institutional Review Board, #151121.

Results

Replication of prior SNP associations with GDM

As a check on the fidelity of our genetic analysis, we compared our results to previously 

published findings for GDM. Of the 9 SNPs most frequently replicated across data sets, the 

GDM analysis replicated 2 (28, Table S2). The DM2 analysis replicated 6 of 9, and in 

combination the two analyses replicated 7 of 9. Based on this finding, we combined the 

results for GDM and DM2 in subsequent studies.

Gene set analysis of candidate drugs

We tested whether the genes targeted by each drug, as a set, were associated with 

GDM/DM2 (Table 1, Figure 2). The strongest association was for calcium channel blockers 

(CCBs) with P = 0.00015. This finding remained significant after adjustment for multiple 

comparisons for the 65 drug classes tested at 0.00975 (0.00015 * 65). We tested the 

robustness of our result using 2 variant gene sets and one alternative statistical analysis. 

CCBs remained in the top 5 hits for all three, while 5-HT3 antagonists were lower ranked in 

the variant analyses (Table S3).

Glucose Tolerance Tests

We sought to identify what effect, if any, the drugs identified had on glucose tolerance 

during pregnancy. We grouped the drugs by their mechanistic class and examined the effect 

in a multivariate analysis that controlled for age at GTT, BMI at GTT, presence of the usual 

indication, self-identified white race, and self-identified Hispanic ethnicity. All, except white 

race, were significant in multivariate analysis. Each additional year of age was associated 

with a 1.00 mg/dL (95% CI 0.86 to 1.13 mg/dL, p < 0.001) increase in GTT, as expected. 

Each additional point of BMI was associated with an increase of 0.52 mg/dL (95% CI 0.41 

to 0.63, p < 0.001). Hispanic ethnicity was associated with an increase of 6.69 mg/dL (95% 

CI 4.53 to 8.85 mg/dL, p < 0.001) as previously reported27. Demographics are described in 

Table S4.

We tested the reliability of our analysis by examining the effect of hypoglycemic drugs 

prescribed for GDM. As expected, biguanides, insulins, and sulfonylureas were all 

associated with large increases in glucose during GTT (Table 2)

In multivariate analysis, CCB use was associated with a −3.18 mg/dL (95% CI −6.18 to 

−0.18 mg/dL, p = 0.038) decrease in blood glucose during the GTT, while blood pressure 

was associated with a 0.12 mg/dL (0.07 to 0.18mg/dL, p< 0.0001) increase per mmHg of 

mean arterial pressure (Figure 3, Table 2). Other antihypertensives had no effect. 5HT-3 

antagonists were associated with a 3.54 mg/dL (95% CI 1.856 to 5.225, p < 0.001) increase 
in blood glucose during the GTT (Figure 3, Table 2). Hyperemesis gravidarum, the condition 

treated by 5HT-3 antagonists, was associated with a 6.58 mg/dL (95% CI −9.63 to −3.52 

mg/dL, p < 0.001) decrease. D2 antagonist anti-nausea medications had no effect. 5HT-1a 

agonist anti-anxiety medications were also associated with a decrease in glucose during the 
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GTT (−6.48 mg/dL, CI −11.89 to −1.07). Anxiety was not associated with significant 

changes in glucose tolerance, nor was depression, or treatment with other anti-anxiety or 

anti-depressant medications (Figure 3, Table 2).

Conclusions

To our knowledge, this is the first study aimed at drug repurposing in GDM. The use of a 

parallel genetic and EMR-exposure based design increases the reliability of the results. We 

identified several drugs that could be related to GDM, most prominently an association and 

worse glucose tolerance with 5HT-3 antagonists and an association and improved glucose 

tolerance with pharmacologic calcium channel blockade and improved glucose tolerance 

with a 5HT-1a partial agonist.

Our genetic association study identified a strong link between the genes targeted by the 

CCBs and GDM/DM2. In our EMR-based study, calcium channel blockers were associated 

with a decrease in GTT while hypertension was associated with an increase. We did not 

observe a significant effect on GTT with other antihypertensives, pointing toward a 

mechanism-specific effect for calcium channel blockers. CCBs, as currently used to treat 

hypertension in pregnancy, are not associated with an increased risk of birth defects, nor 

with changes in uteroplacental flow in hypertensive emergency, representing a favorable 

safety profile28,29. In our sources, nifedipine was the only calcium channel blocker described 

as safe in pregnancy however, other CCBs may be safe in pregnancy and at least as effective 

in improving glucose tolerance, an area for future study14. Nifedipine is out of patent and 

widely available. Therefore, it represents an attractive option for use in low-resource 

settings.

Several clinical trials have examined the effect of CCBs on measures of glucose tolerance. 

Use of nifedipine to treat non-pregnant, non-diabetic patients with hypertension was 

reported to improve glucose tolerance30. In a study of diabetics with hypertension, CCBs 

were associated with lower fasting glucose31. Other studies have shown that beta blockers 

and diuretics are associated with worsening glucose tolerance, CCBs are neutral, and 

medications which interfere with the renin-angiotensin system are associated with improved 

glucose tolerance32. In a recent network meta-analysis of medications to prevent new-onset 

diabetes, diuretics were associated with increased risk of new-onset diabetes versus placebo, 

but beta blockers were not; CCBs were neutral33. In in vitro models of insulin secretion, 

inhibition of L-type calcium channels by nifedipine decreases glucose stimulated insulin 

secretion from islets, which would correlate with post-prandial hyperglycemia34. However, 

treatment of intact islets with nifedipine increases basal insulin secretion and decreases 

glucagon secretion35. By inhibiting calcium influx during hyperglycemia and hypoxia, 

nifedipine may also protect against ER stress and beta-cell apoptosis36,37.

SNPs in genes involved in serotonin synthesis (TPH1) and receptors (including 5HT-2A, 
5HT-3B) are associated with multiple metabolic phenotypes, including metabolic 

syndrome38. We showed that HG was associated with decreased GTT while 5HT-3 

antagonists, which treat HG are associated with an increase. It seems plausible that patients 

suffering from nausea and vomiting would consume less and therefore have a lower blood 
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glucose before adding the 50 grams of glucose used in the GTT. Antiemetics, like 5HT-3 

antagonists, could be expected to reverse this effect. However, a similar effect was not seen 

with the mechanistically unrelated D2 antagonists, which may favor a serotonin-specific 

effect. Serotonin inhibits glucose induced insulin secretion in vitro, and the 5HT-3 

antagonist topisetron reverses this effect and potentiates insulin secretion from INS-1 cells39. 

However, mice with targeted mutations in HTR3A or TPH1 showed impaired glucose 

tolerance and decreased insulin secretion due to membrane hyperpolarization in islet 

cells40,41. The significance of these competing findings is unclear, but underlines the 

importance of serotonin and the 5HT-3 receptor in islet physiology.

We identified 9 other classes in the SNP arm. Of these, 4 could be tested for GTT and had no 

significant effect. We also identified one class, 5HT-1a partial agonists, which altered the 

GTT but were not identified in the SNP arm. The effect of 5HT-1a partial agonists on 

glucose homeostasis has not been well studied. In rats, 5HT-1a partial agonism prevented the 

hyperglycemic, renal, and cardiac manifestations of the streptozotocin -induced diabetes 

model42. Conversely, in a study of schizophrenic patients, adding on 5HT-1a partial agonist 

therapy to atypical antipsychotics was associated with an increased risk of glucose 

intolerance43. The relevance of these findings to the present study is unclear.

Limitations

This study is hypothesis generating and subject to several limitations. We chose the drugs 

based on their reputation for safety, which has often not been rigorously tested. In the 

genetic analysis, the small size of the GDM cohort reduced our power to identify 

associations. Admixing the association data for DM2 provided a much larger cohort, but 

reduced the specificity for our results. Our patient assignments were based upon ICD9 

coding, which is unreliable. The lack of a precise ICD9 code for GDM exacerbates this 

issue. Additionally, we cannot guarantee that all patients were ascertained for GDM.

The GTT study complemented the SNP study, however it was also limited. There were many 

drug classes with insufficient patients. Medications may be taken at a random time not 

related to pregnancy, GTT, or GDM. This increases the probability of a type II error, and 

therefore we do not consider any non-associations between a drug and GTT value as 

meaningful. Conversely, associations that persist despite chronological uncertainty deserve 

further study. It is also difficult to separate the indication for medications from their effects. 

We approached this conundrum by examining the differential effects of medications with 

similar indications. For example, 5HT-3 antagonists were associated with a +3.54 mg/dL 

change (95% CI +1.86 to +5.23, p < 0.001) in GTT, while the D2 antagonist was not 

associated with any significant change. We conclude that the variable effects of medications 

used to treat the same indication might be attributable to differing mechanisms of action. We 

arrive at a similar conclusion in regards to anti-hypertensives and CCBs versus beta blockers 

and alpha-2 agonists. CCBs may also be used to treat premature labor. GDM is a risk factor 

for preterm labor, so this could cause a spurious association, however the chain of causation 

from GDM to preterm labor and then CCB treatment would result in CCBs being associated 

with an increased GTT, rather than a decrease. We did not include other complications of 

pregnancy (e.g. pre-eclampsia) or parity. Finally, an abnormal screening GTT does not 
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define GDM. We chose to focus on the value of the GTT because a numerical value is more 

information-rich than a binary disease/no-disease. Because of the roughly random 

assortment of genotypes the genetic association study does not suffer from this problem.

Conclusion

GDM continues to be a major problem for pregnant women and their offspring. Current 

therapies improve hyperglycemia and prevent some complications, however more 

interventions are needed. This paper sought to identify candidate drugs for repurposing to 

treat GDM by starting with the subset of drugs considered safe in pregnancy. Genes targeted 

by 11 drug classes were significantly associated with GDM/DM2 in our SNP study, while 6 

drug classes were associated with changes to the GTT in our EMR study. Notably, genes 

targeted by CCBs were significantly associated with the diagnosis of GDM/DM2 and 

exposure to CCBs improved GTT values, while 5HT-3 antagonists were associated with 

worse glucose tolerance. Prior research shows calcium channel blockers are associated with 

improved glucose control in non-pregnant populations. These findings support CCBs as a 

candidate for drug repurposing in GDM
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Figure 1. Experimental design
We screened 1345 drugs and identified 332 considered safe in pregnancy. Of these, 129 

drugs in 65 classes are systemically active, have identifiable human targets, and are not 

contraindicated by the US FDA. We pursued a two-pronged strategy. In the first (left side), 

we identified the drug target genes using publicly available data. Of the 196 target genes, 

130 genes, represented by 306 SNPs, were present on our genotyping platform. We used 

SNP genotyping data from 37,380 patients with ICD9-level diagnostic information (BioVU). 

We examined the association between the genes targeted by our candidate drugs and GDM 

or DM2, combining our analyses using gene set analysis, which resulted in 11 drug classes 
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genetically associated with GDM/DM2. In the second strategy (right side), we generated a 

cohort of patients with GTT data and examined the effect of drug exposure on GTT values in 

a multivariate regression. We identified 6 classes of drugs associated with changes in GTT. 

The overlap of these two independent strategies (bottom) are two drugs – 5HT-3 

antagonists, which are associated with increased GTT, indicating worse glucose tolerance, 

and calcium channel blockers, which are associated with decreased GTT, indicating 

improved glucose tolerance.
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Figure 2. Example drug-gene set P-value calculation
Each drug class (e.g. calcium channel blockers (CCBs)) acts by targeting one or more 

proteins (in this case CACNA1C, CACNA1D, CACNA1S, CACNA2D1, and CACNB2). 

Within the gene that codes for the protein are one or more SNPs. The association of each 

SNP with GDM or DM2 was tested. From each gene, we identified the SNP/disease 

association with the lowest P-value (e.g. rs4765937 with GDM in CACNA1C). We 

combined the lowest P-value from each gene using Fisher’s method and controlled the result 

using gene set permutation.
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Figure 3. Effect of various drugs on GTT
Data are shown for antihypertensives (A), medications for nausea and vomiting (B), and 

medications for depression and/or anxiety (C). CCBs and 5HT-1a partial agonists are 

associated with decreased GTT while 5HT-3-antagonists are associated with an increase. 

Values are adjusted for demographics and indication as described in the methods. Mean +/− 

SEM is shown. *: P<0.05 versus no antihypertensive / no anxiety/depression medication, 

***: P<0.001 versus no drug. P-values are not corrected for multiple comparisons. 5HT-1: 

5HT-1a partial agonist, CCB: calcium channel blocker, SNRI: serotonin-norepinephrine 
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reuptake inhibitor, SARI: serotonin antagonist and reuptake inhibitor, TCA: tricyclic 

antidepressant.
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Table 1
Drug classes with target gene sets associated with GDM and DM2

Of 129 drugs, representing 65 classes, 11 classes had adjusted P < 0.05 and are shown. L-type calcium channel 

blockers, represented by nifedipine, had the strongest P, which remained significant after adjusted for multiple 

comparisons. Examples and usual indication are shown. The number of genes is the number of genes targeted 

by the drug which had at least 1 SNP tested.

Class Example Indication Genes P

L-type calcium channel blocker nifedipine Hypertension 5 1.50E-04

NMDA receptor blockers memantine Alzheimer dementia 2 4.91E-04

Alpha blockers prazosin Hypertension 2 6.27E-03

Alpha/beta blockers carvedilol Hypertension 4 9.62E-03

Beta blockers labetalol Hypertension 4 9.62E-03

Sodium channel blocker mexiletine Arrhythmia 1 1.16E-3

Phosphodiesterase inhibitors sildenafil Pulmonary hypertension 1 1.18E-02

5HT-3 blockers ondansetron Nausea/vomiting 4 1.57E-02

PPARa activator clofibrate High cholesterol 1 2.12E-02

D2 blocker metoclopramide Nausea/vomiting 8 2.60E-02
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