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Background: Congenital sucrase isomaltase deficiency (CSID) is in general a very rare disease. However, 2–3% of the Greenlandic 
population are homozygous (HO) carriers of an Arctic-specific loss-of-function (LoF) variant in the sucrase-isomaltase (SI) encoding 
gene, causing CSID. The condition is characterized by gastrointestinal symptoms such as stomachache, diarrhea, and weight loss when 
consuming sucrose, the most common dietary sugar. However, the awareness of the condition in the population and the healthcare 
system seems to be limited, potentially leading to a higher healthcare burden. Hence, we aimed to investigate whether HO-carriers visit 
the healthcare system more with gastrointestinal symptoms compared to the control groups by using registry data.
Methods: We performed a case–control study identifying cases and controls using genotype information from the 1999–2001 and 
2005–2010 Greenlandic health population cohorts. The cases were defined as HO LoF SI-carriers and controls were defined as non- 
carriers and were matched (1:1) on sex, age, place of residence, and European genetic admixture. We used electronic medical records 
to assess the number of electronic medical record contacts (EMRc) related to gastrointestinal symptoms and the number of 
gastrointestinal-related diagnostic procedures.
Results: A total of 80 HO-carriers and 80 non-carriers were included. The HO-carriers had 19% more EMRc related to gastro-
intestinal symptoms (IRR, 1.19, 95% CI [1.02;1.40], p=0.02) and had a 41% higher incidence of gastrointestinal related diagnostic 
procedures compared to controls (IRR, 1.41, 95% CI [1.05–1.92], p=0.02). Only one HO-carrier was aware of the condition according 
to the electronic medical records.
Conclusion: HO-carriers of the LoF SI-variant had both significantly more gastrointestinal-related EMRc and significantly more 
diagnostic procedures conducted due to gastrointestinal symptoms. Only one HO-carrier was aware of the condition. Given the high 
prevalence of HO-carriers in the Greenlandic population, we anticipate that diagnosing more patients with CSID and providing dietary 
advice could potentially reduce symptom burden and healthcare visits among HO-carriers.
Keywords: Inuit, genetic metabolism, sucrase-isomaltase, Greenland, congenital sucrase-isomaltase deficiency, loss-of-function 
variant

Introduction
Sucrase-isomaltase (SI) is an enzyme that plays a crucial role in the digestion of sucrose, isomaltose, and starch by 
breaking down α-glycosidic linkages, which is necessary for absorption in the brush border of the small intestine.1 

Congenital sucrase-isomaltase deficiency (CSID) is a condition characterized by a decreased SI activity and thus 
decreased ability to digest and absorb sucrose.2 When individuals with CSID consume sucrose, they experience 
gastrointestinal symptoms such as stomachache, diarrhea, and weight loss.3 Various genetic mutations have been 
identified in the SI gene, resulting in varying degrees of enzyme activity.2 Recently, the artic specific SI 
c.273_274delAG was discovered,1 which is predicted to result in complete loss of SI function in homozygous (HO) 
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individuals, thus preventing the digestion of sucrose and isomaltose.1 While this loss-of-function (LoF) is rare world-
wide, the allele frequency was estimated to 14.1% in the Greenlandic population.4 Enzymatic replacement therapy exists, 
enabling HO-carriers to cleave and absorb sucrose to a higher degree; however, the recommended treatment in Greenland 
is avoiding sucrose-containing food.5

Traditionally, the lifestyle in Greenland was centered around hunting and fishing.6,7 The diet primarily consisted of 
fish, sea mammals, and herbs, with minimal sucrose content.6,7 As a result, the SI c.273_274delAG variant may not have 
caused significant gastrointestinal symptoms in the past. However, the lifestyle of the Greenlandic population, including 
their diet, has transitioned towards a more Westernized pattern during the last 100 years, with increased consumption of 
sucrose and starch8; in the general population, the average consumption of sucrose has been estimated to 16% of the total 
energy intake.7

Symptomatic diagnosis of CSID among Greenlanders can be challenging due to the difficulty in differentiating CSID 
symptoms from those of other gastrointestinal diseases including other malabsorption diseases, eg, lactose intolerance 
and trehalase deficiency which are common in Greenland.9,10 Furthermore, the low global prevalence of CSID and 
limited awareness about the condition can lead to a prolonged diagnostic process; eg, recent studies have shown that 
adult CSID is often misdiagnosed as irritable bowel syndrome.11–13

Diagnosing CSID typically involves small intestinal biopsy or less invasive tests such as the sucrose breath test and 
genetic testing.3 In Greenland, CSID can be diagnosed through a sucrose tolerance test because the SI-variant causes 
a complete loss of function rather than just a reduction in enzyme activity.4 The prolonged diagnostic process within the 
healthcare system imposes unnecessary time and cost burdens on both patients and the healthcare system. Though data 
from the Greenlandic cohorts showed no differences between HO-carriers and other individuals in self-reported digestive 
issues,4 this was only assessed on a broad level and we anticipate that HO-carriers do experience more digestive 
problems, thus increasing the need for gastrointestinal-related healthcare. We therefore aimed to assess whether 
Greenlandic HO-carriers visit the healthcare system more with gastrointestinal symptoms compared to the control groups 
by using registry data.

Materials and Methods
Study Design and Participants
We conducted a case–control study and identified cases and controls using genotype information from two Greenlandic 
population cohorts collected during 1999–2001 and 2005–2010,14,15 which identified 99 HO LoF SI c.273_274delAG 
carriers.4 Participants were not informed about their SI genotype at the time of the current study. Cases were defined as 
HO-carriers of the LoF SI-variant and living in Greenland (referred to as “HO-carriers” in the remaining paper). For each 
HO-carrier, we included a non-carrier as control, matched on age (± 10 years), sex, European genetic admixture, and 
place of residence at the time of participation in the population cohort study. We recorded smoking status since smoking 
has been associated with various gastrointestinal symptoms which could bias the effect of CSID on gastrointestinal- 
related health activities.16 We assessed carrier status of rs4988235, causing lactase persistence in homozygous carriers of 
the minor allele,10 and rs2276064 causing decreased trehalase activity with increasing number of minor alleles.9

Data Sources
Data was obtained for a 30-year period, by reviewing electronic medical records in the system Æskulap, covering 1992–2007, 
and the current electronic medical record system Cambio COSMIC (Cambio, Sweden) covering 2007–2022. We counted the 
number of electronic medical records contacts (EMRc) due to gastrointestinal symptoms from both primary and the secondary 
sector, including epigastric pain, acid reflux, stomach ache, bloating, and diarrhea. Furthermore, we investigated the number of 
diagnostic tests, including imaging, ultrasound, and biopsies due to gastrointestinal symptoms. We used Microsoft Excel 
(2021) for data management and R (4.1.2)17 for statistical analyses. Participant characteristics were obtained primo 2022.
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Statistical Analyses and Data Management
Categorical variables are presented as numbers and percentages. Continuous variables are presented as means and 
standard deviation (SD) when they are normally distributed and otherwise as medians and interquartile range (IQR). 
Differences in participant characteristics were compared with Chi-square test for categorical variables and 2-sided t-test 
for continuous variables. The level of statistical significance was p <0.05. The number of gastrointestinal-related EMRc 
and the number of diagnostic tests is presented as incidence rates (IR) per 100 person years. Person years were calculated 
as the time from the first EMRc to either the date of death or end of follow-up, being 1st March 2022. The groups were 
compared using incidence rate ratio (IRR) with confidence interval and p-value. We conducted subgroup analyses with 
sex and age, dividing the age subgroup in two groups based on the median age, ie, ≥59 years and <59 years.

Results
Population Characteristics
We had access to electronic medical records on 91 of the 99 HO-carriers. Ten of the 91 were excluded due to immigration 
after participation in the health population study. We excluded one HO-carrier, as the person died prior to implementation 
of electronic medical records, resulting in 80 HO-carriers being included. The population characteristics were similar 
between the two groups, including smoking status, and the carrier status of the TREH variant rs2276064, linked to 
reduced trehalase activity.9 However, the minor allele of the variant in the lactase gene linked to lactase persistence 
(rs4988235) was slightly more prevalent in control individuals; however not statistically significant (Table 1). Only one 
out of 80 HO-carriers was aware of the condition according to electronic medical records.

Number of Electronic Medical Record Contracts and Diagnostic Procedures
The two groups had similar mean follow-up periods (p = 0.11) of 15.0 years (SD = 6.44) for the HO-carriers and 16.6 
years (SD = 6.40) for the controls, respectively. The HO-carriers had 19% more EMRc due to gastrointestinal symptoms 
compared with the controls. Moreover, the HO-carriers had a 41% higher incidence of gastrointestinal-related diagnostic 
procedures compared to the controls (Figure 1).

Subgroup Analyses
We found that both HO-carriers of female sex and those <59 years had more EMRc compared with controls. Specifically, 
female HO-carriers had 36% more EMRc compared with female controls, while there was no difference between male 

Table 1 Population Characteristics of HO-Carriers and Controls

Characteristic HO-Carriers  
(N = 80)

Controls  
(N = 80)

P value

Mean age, years (SD) 58.8 (14.0) 58.5 (13.1) –

Male sex (%) 49 (61.3) 49 (61.3) –
BMI, kg/m2 (IQR)a 23.4 (20.3–28.5) 26.0 (22.2–28.6) –

Smoking, previous or current (%)b 52 (65.0) 49 (61.3) 0.74

Comorbidities
Other non-specific colitis or gastritis (%) 4 (5.0) 4 (5.0) 1.00

Ulcus (%) 10 (12.5) 5 (6.3) 0.28

Celiac disease (%) 0 (0.0) 0 (0.0) 1.00
Lactose-intolerancec (%) 65 (81.3) 58 (72.5) 0.19

Genotype frequencies of the TREH variant rs2276064d

Homozygotes (%) 4 (5.0) 2 (2.5) 0.41
Heterozygotes (%) 28 (35.0) 25 (31.3) 0.61

Wildtypes (%) 48 (60.0) 53 (66.3) 0.41

Notes: aOnly data on 15 cases and 21 controls. bSmoking (at any time) confirmed in medical journal. cCategorized as lactose intolerant 
when homozygous for the ancestral allele of the rs4988235 variant in the lactase gene LCT. dHomozygotes for derived allele of the 
rs2276064 variant in the trehalase gene TREH. The variant causes decreasing trehalase activity with increasing number of derived alleles. 
Abbreviations: BMI, Body Mass Index; HO, homozygote; IQR, interquartile range; LoF, loss of function; SD, standard deviation; SI, 
sucrase isomaltase.
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HO-carriers and controls. Among individuals <59 years, we found that HO-carriers had 222% more EMRc as compared 
with controls. Among individuals ≥59 years we found that HO-carriers had 21% fewer EMRc compared to controls. 
Results of the subgroup analyses are shown in Figure 2.

Discussion
The main findings of this study showed that Greenlandic HO-carriers of the LoF SI-variant have a higher occurrence of 
EMRc and diagnostic procedures due to gastrointestinal symptoms compared to the control group. Interestingly, self- 
reported gastrointestinal symptoms were not found to be higher among HO-carriers compared to others in the previous 
Greenlandic population survey.4 However, the questions were general and not very specific. Questionnaires have 
limitations including recall bias whereas quantifying EMRc reduces recall bias. This study is important because it 
demonstrates that well-known CSID symptoms lead HO-carriers to seek healthcare significantly more than the control 
group, enhancing our understanding of the broader effects of the HO LoF variant and adding to our existing knowledge.

Globally, CSID is a rare disease, potentially leading to a lack of awareness among physicians. In Greenland, the 
estimated prevalence of CSID caused by the LoF SI-variant (c.273 274delAG) is 2–3%.4 Notably, our study revealed that 
only one out of 80 HO-carriers was aware of the condition, as documented in the electronic medical records. The higher 
incidence rates of EMRc and diagnostic tests are likely attributable to the HO-carrier’s limited awareness of their 
intolerance, as well as the healthcare system’s limited awareness. Additionally, the current Greenlandic diet, character-
ized by a high sucrose content, likely induces symptoms among HO-carriers.2,18,19 Examining a broader timeframe, 
specifically the past 100 years, would be intriguing to evaluate the symptom burden during the transition from 

Outcome
HO carriers

(N = 80)
Controls 
(N = 80)

IRR (95% CI) P- value

GI-related EMRc 
(number/100 PY)

27.5 23.0 1.19 (1.02-1.40) 0.02

Diagnostic testsa

(number/ 100 PY)
8.0 5.6 1.41 (1.05-1.92) 0.02

Figure 1 Incidence rates of electronic medical record contacts and diagnostic tests. aDiagnostic tests due to gastrointestinal symptoms. 
Abbreviations: EMRc, electronic medical record contacts; GI, gastrointestinal; IRR, incidence rate ratio; PY, person years.

Stratification 
variable

HO carriers Controls IRR (95% CI) P value

N IR/100 PY N IR/100 PY

Sex

Female 31 35.9 31 26.3
1.36 

(1.09;1.71)
< 0.01

Male 49 21.6 49 20.9
1.03 

(0.83;1.29)
0.77

Age

≥ 59 years 42 29.3 40 37.0
0.79 

(0.65;0.96)
0.02

< 59 years 38 25.6 40 11.5
2.22 

(1.70;2.91)
<0.01

More EMRc 
in controls

More EMRc in 
HO carriers

Figure 2 Subgroup analyses of incidence rates of electronic medical record contacts. 
Abbreviations: CI, confidence interval; EMRc, electronic medical record contacts; IR, incidence ratio; IRR, incidence rate ratio.
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a predominantly traditional diet, where no symptoms are expected, to a Western diet. Unfortunately, medical records are 
only accessible from 1992.

Other malabsorption diseases, such as lactase persistence and trehalase deficiency, present symptoms similar to CSID. 
However, we observed similar genotype frequencies of the variant affecting trehalase activity in the two groups. 
Additionally, given the limited presence of trehalose in foods,20 we anticipate minimal impact on our results. The 
prevalence of lactose intolerance was not significantly different between the groups. However, more HO-carriers were 
lactose-intolerant, which may have contributed to a potential overestimation of the association between CSID and health- 
seeking behavior.

Greenlandic HO-carriers have a healthier metabolic profile than the remaining population, with lower BMI, body 
weight, fat percentage, and fasting triglyceride.4 The health benefits are potentially mediated by reduced sucrose uptake 
and possibly by higher levels of acetate formed when sucrose passes to and is fermented in the colon.21 If the HO-carriers 
were aware of the condition, they could adjust their diet more effectively, thereby still obtaining the health benefits and 
avoiding gastrointestinal symptoms. Hence, we would expect improvements in health-related quality of life of the HO- 
carriers and a decreased burden of the healthcare system. However, achieving this would require increased awareness 
among physicians in Greenland and the ability to perform diagnostic testing for CSID, including whole-genome 
sequencing. Whole-genome sequencing has become easier and cheaper to perform22 and also enables the detection of 
other known Inuit specific gene variants, eg, the common low-density lipoprotein receptor variant.23

Our subgroup analyses revealed that younger and female HO-carriers had significantly more EMRc compared to their 
counterparts in the control group. The higher overall rate of EMRc in the younger group may be influenced by multiple 
factors. Firstly, older individuals, who traditionally consumed less sugar, may experience fewer symptoms due to dietary 
differences between generations.24 Secondly, the implementation of the electronic medical record system varied across 
Greenland from 1992 to 2007, making healthcare system data before the implementation unavailable.

Interestingly, we observed that HO-carrier status was associated with more EMRc in women, but not in men. This 
might be explained by women being more likely to consume Western foods compared to men, who tend to adhere to 
traditional Greenlandic diets.24 Moreover, women in other populations have been found to be more likely to seek 
healthcare, while men tend to accept and endure their symptoms.25

This study has several limitations. First, the study design depends on the subjective experience of gastrointestinal 
symptoms, and health-seeking behavior is affected by, eg, sex, age, culture, and the access to medical attention.26 We 
have attempted to minimize the effect of these factors by matching HO-carriers with controls on sex, age, the degree of 
genetic admixture, and place of residence. However, the HO-carriers have experienced gastrointestinal symptoms 
throughout life, and it is possible that they have become accustomed to their symptoms, and therefore are less likely 
to visit the healthcare system because of this.

Secondly, the electronic medical record system was not implemented in the same year throughout Greenland but was 
implemented across the country from 1992 to 2007. However, this should not result in bias, as controls were matched 
based on place of residence. Moreover, the majority of the population had long follow-up times, with data spanning from 
1992 to 2007 and up to 2022, and the mean inclusion time in the two groups was similar, minimizing the risk of bias due 
to inclusion time. We were able to follow up on all individuals in health records due to the unique national personal 
identification number, thereby avoiding recall bias which is a major strength of this study. Furthermore, the matching on 
age, sex, location, and European genetic admixture is a strength, ensuring that the controls closely resemble the genetic 
profile of the HO-carriers.

Conclusion
The prevalence of CSID caused by the LoF SI-variant (c.273 274delAG) was previously found to be high in the 
Greenlandic population. Although results from the Greenland population surveys indicated that the HO-carriers do not 
experience more gastrointestinal-related symptoms than others,4 our results show that HO-carriers not only exhibit 
significantly more health care visits but also undergo more diagnostic procedures due to gastrointestinal symptoms 
compared to wildtype individuals. Only one out of 80 HO-carriers was aware of the condition. Therefore, we recommend 
raising awareness of CSID as an Arctic disease among healthcare professionals in Greenland and in the general 
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population. We anticipate that diagnosing more patients with CSID and providing accurate dietary advice could 
potentially reduce the symptom burden and healthcare visits among CSID patients.
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