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Summary

ADH1 is a rare genetic disorder characterized by hypoparathyroidism, hypocalcemia, hyper-
calciuria, and can be accompanied by muscle problems, seizures, and kidney complications

Methods

Confirmation of phenotypes of previously established ADH1 variants

Variants in the UK Biobank and All of Us were scored according to 
strength of association with ADH1 phenotypes

A sponsored testing program revealed further novel putative ADH1 variants

We used both known and novel GOF variants to conduct a pheWAS to reveal novel pheno-
types associated with GOF of CaSR

Conclusion
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Background
• An estimated 1 in 10 people suffer from a rare disease, and a central challenge in rare disease is accurate diagnosis. Au-

tosomal dominant hypocalcemia type 1 (ADH1) is a rare genetic disease caused by gain-of-function (GOF) variants in the 
calcium sensing receptor (CaSR), encoded by the gene CASR.

• Like many rare diseases, ADH1 has primarily been studied in small cohorts selected based on their clinical character-
istics, which can lead to biased ascertainment. This bias can lead to inaccuracies in our understanding of both which 
genotypes cause GOF of CaSR and which phenotypes result from GOF of CaSR. 

• To better define these genotypes and phenotypes, we are conducting an integrated analysis of data from popula-
tion-based biobanks, a sponsored testing program, and in vitro experiments.  

Results and discussion
• To identify putative GOF CaSR variants in the UK Biobank (UKB), we scored CaSR variants based on their associa-

tion with ADH1 phenotypes. We replicated this analysis in All of Us (AOU) and found that 4 of these variants 
(Asn1074Asp, Asn345Asp, Gln1040Glu, and Gly1019Arg) have suggestive associations in both biobanks and a minor 
allele frequency consistent with previously established ADH1 variants. 

• To further validate our findings, we evaluated data from patients participating in a sponsored testing program for sus-
pected genetic hypoparthyroidism. Four of identified variants (Asn1074Asp, Ala364Glu, Thr972Met, and Phe815del) also 
show suggestive signals in the UKB or All of Us. 

• Next, to better define the phenotypes associated with GOF CaSR variants, we conducted a phenome-wide association 
study (pheWAS) using a set of high confidence GOF CaSR variants and identified 83 phenotypes below a phe-
nome-wide significance level of 3x10-5. These phenotypes may be novel additions to the ADH1 phenotypic spectrum. 

• Finally, we determined that the frequency of previously established GOF variants was 2.8–4.0 in 100,000 individuals 
across four biobanks (gnomAD, TOPMed, the UKB, and AOU), similar to a previous report on the Geisinger cohort. 

• We are replicating the pheWAS in AOU and testing variants experimentally for increased calcium sensitivity.
• Our work clarifies the genotypes and phenotypes associated with ADH1 and may improve ADH1 diagnosis. 

• First, in the UK Biobank (UKB) we confirmed the association of 3 out of 4 previously reported variants found in non-Hispan-
ic White probands with reduced serum calcium level, a hallmark phenotype of ADH1. 
▪ Val104Ile was also associated with reduced serum calcium level in 4 individuals of Indian ancestry (p = 2x10-6).

• We scored 576 missense or stop-gain/frameshift CASR variants in the UKB within each ancestry based on regression 
modeling of ADH1 phenotypes, such as diagnosis code-based phenotypes (Figure 3).

• Following variant scoring, we selected the 46 variants with a score above a suggestive threshold of 1.5 for further exam-
ination. Figure 4 shows the top 14 variants and their sub-scores.

• We replicated our score in AOU, in which there were 527 missense or stop-gain/frameshift variants. 237 of these were 
common across both biobanks. We found that, of the 28 shared variants with a score greater than 1.5 in All of Us, 10 vari-
ants had a score greater than 1.5 in both biobanks, 4 of these variants (Asn1074Asp, Asn345Asp, Gln1040Glu, and 
Gly1019Arg) have suggestive associations in both biobanks and a minor allele frequency consistent with previously es-
tablished ADH1 variants. 

• 169 patients participated in a sponsored testing program for suspected genetic hypoparthyroidism.
• We identified a pathogenic/likely pathogenic variant or variant of uncertain significance (VUS) of CASR in 21% (36/169) of 

participants. 
• Of the 26 variants identified, 13 were previously not associated with ADH1, and 4 of identified variants (Asn1074Asp, 

Ala364Glu, Thr972Met, and Phe815del) also show suggestive signals in the UKB or All of Us.

• 1,518 phecodes were tested for association with the 20 top scoring rare variants in the UKB using SKATO.
• Established associations were confirmed (e.g. hypoparathyroidism p=10-79, disorders of calcium/phosphorus metabolism 

p=10-61, epilepsy p=10-26, and learning disorder p= 10-29, osteochondropathies p = 10-28).
• Further associations suggest pleitropy of CASR variants beyond previously established ADH1 phenotypes (e.g. hyperventi-

lation p=10-49 and bronchitis p=10-18 may be related with CASR’s role in the lung). These associations require further study.

ADH1 is a rare genetic form of hypoparathyroidism caused by GOF variants in the calcium sensing receptor (CaSR), which 
is encoded by the gene CASR. The clinical manifestations of the disease were discovered in ~1981 (Figure 1). The CaSR 
regulates calcium homeostasis by controlling parathyroid hormone secretion. Like many rare diseases, ADH1 has mostly 
been studied in relatively small cohorts selected based on their clinical characteristics, which can lead to biased ascertain-
ment. This bias can lead to inaccuracies in our understanding of both which genotypes cause GOF of CaSR and 
which phenotypes result from GOF of CaSR.  
To better define these genotypes and phenotypes, we are conducting an integrated analysis of data from population-based 
biobanks, a sponsored testing progratm, and in vitro experiments. The goal of this study is to clarify which genotypes lead to 
GOF of CaSR and which phenotypes result (Figure 2). 

• Our work demonstrates how large, publicly available genomic datasets can be used to perhaps improve diagnosis by better 
defining genotypes that cause ADH1 and the phenotypes that result.

• Next steps:
▪ We have selected a subset of variants for in vitro testing of whether they show increased sensitivity to calcium.
▪ Replication of pheWAS in AOU.
▪ Replication of our analyses in the Mass General Brigham biobank.

~1981

Discovery in the clinic

• Discovery of hypocalcemia in indi-
viduals with familial hypoparathy-
roidism (Hunter et al.)

• Reports of familial hypoparathyroid-
ism go as far back as 1943

1994

Molecular underpinnings

• Pollak et al. discovered a variant 
(Glu128Ala) that co-segregated 
with hypocalcemia within a 
family

• Injection of variant mRNA into 
Xenopus oocytes led to greater 
IP3 levels than WT mRNA

• Leads to intracellular calcium 
release, MAPK activation, cAMP 
inhibition

• >113 variants described in the 
literature

• Penetrance is poorly understood

Figure 1. Milestones in ADH1 research and clinical manifestations.

Figure 3. Variant scoring methodology.

Figure 2. The goal of this study is to clarify both genotypes that cause increased CaSR activity and the pheno-
types that result from increased CaSR activity. 

1. Clarify Genotypes

Identify putative novel vari-
ants in the UK Biobank (UKB)

1. Calculate strength of associa-
tion with ADH1 phenotypes 
(e.g. reduced serum calcium 
levels, increased serum phos-
phate levels, association tests 
with ADH1-related diagnoses 
(e.g hypoparathyroidism, 
tetany, paresthesia, epilepsy)

2. Rank order variants

All of Us (AOU)

Replicate UKB analy-
ses and determine 
which variants score 
highly in both datasets

Sponsored testing 
program

Determine which vari-
ants show up in those 
with symptoms

Experimental validation
Determine dose response of cells expressing 
variants to extracellular calcium

Corroborate with other data sources

Novel genotypes 
causing GOF CaSR

2. Clarify Phenotypes

Combine novel GOF CaSR 
variants with previously es-
tablished variants

UKB

Use SKATO to test for 
association against 
1,536 phenotypes

AOU

Replicate analysis

Conduct pheWAS to clarify associated pheno-
types

Novel phenotypes of 
GOF CaSR variants


