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ANNOTATION 

 

 The number of patients with inflammatory bowel disease (IBD) is increasing worldwide, and 

Latvia is no exception. IBD has become a prevalent disease in industrialised countries with an 

increasing incidence over the past 50 years. Thiopurine monitoring is a promising strategy for 

optimising IBD therapeutics. Despite the increasing adoption of thiopurine metabolism analysis in 

clinical practice, evidence and overall approach to thiopurine monitoring in IBD management are not 

available. Azathioprine is used widely for IBD treatment. However, adverse effects have been reported 

in approximately 10% of IBD patients receiving thiopurines. Enzyme thiopurine methyltransferase 

(TPMT) plays a significant role in the metabolism of thiopurines, and low TPMT activity is associated 

with altered thiopurine metabolism, overproduction of cytotoxic metabolites, and myelosuppression. In 

patients with IBD, TPMT genotyping can be performed prior to treatment to evaluate treatment risks; 

however, this does not exclude that patients may or may not tolerate thiopurines. 

The aim of this Doctoral Thesis was to investigate the interindividual variability of thiopurine 

metabolism using immunological, molecular biology methods, and metabolic status in patients with 

inflammatory bowel disease.  

We analysed the TPMT genotype and phenotype in IBD patients in Latvia and identified 

malnutrition parameters associated with more pronounced metabolic status changes in IBD patients as 

an anticipatory indicator of disease activity. 

Our results showed that the frequencies of common TPMT alleles in the Latvia IBD population 

were similar to those of other European populations. The homozygous wild-type TPMT *1/*1 

genotype was the most frequent genotype in UC and CD patients and TPMT *3A was the most 

prevalent polymorphism. 

We recommend that TPMT genotyping or phenotyping should be prioritised for higher-risk 

patients to help predict thiopurine-induced adverse drug reactions and to determine personalised 

therapeutic options. IBD patients with a high disease activity index were at a noticeably high risk of 

malnutrition. Identification of reduction in muscle mass in CD patients can be used as an anticipatory 

indicator of disease activity. 

Keywords: inflammatory bowel disease, thiopurines, thiopurine S-

methyltransferase, genotyping, malnutrition. 
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ANOTĀCIJA 

 

Pasaulē pieaug pacientu skaits ar iekaisīgām zarnu slimībām (IZS), un Latvija nav izņēmums. 

IZS ir kļuvušas par izplatītām slimībām attīstītajās valstīs, un pēdējo 50 gadu laikā saslimstība ar tām 

ir ievērojami palielinājusies. Tiopurīnu monitorings ir daudzsološa stratēģija, kas var optimizēt IZS 

terapiju. Kaut gan klīniskajā praksē arvien vairāk tiek izmantota tiopurīna metabolisma analīze, ir 

ierobežoti pierādījumi un trūkst vispārējas pieejas tiopurīna uzraudzībai IZS ārstēšanā. 

Azatioprīnatioprīnu plaši izmanto IZS ārstēšanā, tomēr nevēlamās blakusparādības ir reģistrētas 

aptuveni 10% pacientu, kuriem IZS ārstēšanai lietoja tiopurīnus. Enzīmam tiopurīna metiltransferāzei 

(TPMT) ir nozīmīga loma tiopurīnu metabolismā, un zemā TPMT aktivitāte ir saistīta ar izmainītu 

tiopurīna metabolismu, citotoksisko metabolītu pārprodukciju un mielosupresiju. Pacientiem ar IZS 

TPMT genotipēšanu var veikt pirms ārstēšanas, lai novērtētu ārstēšanas riskus, tomēr tas neizslēdz 

iespēju, ka pacienti var nepanest tiopurīnus. 

Promocijas darba mērķis bija pacientiem ar iekaisīgām zarnu slimībām izpētīt tiopurīna 

metabolisma individuālas izmaiņas, izmantojot imunoloģiskās un molekulārās bioloģijas metodes, un 

izvērtēt pacientu vielmaiņas stāvokli. 

Tajā analizēta TPMT genotipa un fenotipa noteikšana pacientiem ar IZS, kā arī tiek identificēti 

malnutrīcijas parametri, kas ir saistīti ar izteiktām vielmaiņas stāvokļa izmaiņām un ir slimības 

aktivitātes indikatori. 

Pētījuma rezultāti parādīja, ka izplatīto TPMT alēļu biežums Latvijas populācijā, kas sirgst ar 

IZS, bija līdzīgs citām Eiropas populācijām. Homozigotais savvaļas tipa TPMT *1/*1 genotips bija 

visizplatītākais genotips pacientiem ar čūlaino kolītu un Krona slimību, un TPMT *3A bija 

visizplatītākais polimorfisms. 

Pacientiem ar augstāku IZS risku būtu ieteicams noteikt prioritāti TPMT genotipēšanai vai 

fenotipēšanai, lai palīdzētu prognozēt tiopurīna izraisītas zāļu blakusparādības un noteiktu 

personalizētas terapijas iespējas. Pacientiem ar IZS un augstu slimības aktivitātes indeksu bija 

ievērojami palielināts malnutrīcijas risks, savukārt pacientiem ar Krona slimību tika konstatēta 

muskuļu masas samazināšanās, ko var izmantot kā slimības aktivitātes paredzamo indikatoru. 

Atslēgvārdi: iekaisīgas zarnu slimības, tiopurīni, tiopurīna S-metiltransferāze, genotipēšana, 

malnutrīcija. 
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ABBREVIATIONS 

 

ADR – adverse drug reaction 

AZA – azathioprine 

BIA – bioelectrical impedance analysis 

BMI – body mass index 

CD – Crohn’s disease 
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DNA – deoxyribonucleic acid 
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FDA – Food and Drug Administration 

FFM – fat-free mass 

IBD – inflammatory bowel diseases  
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HPLC – high-performance liquid chromatography 

HPRT – hypoxanthine phosphoribosyltransferase 

MBF – metabolic body fat  

meTIMP – methylthioinosine monophosphate 

meMP – methyl-mercaptopurine 

meTG – methyl-thioguanine 

meTGNs – methyl-thioguanine nucleotides 

MMP – methylmercaptopurine  

MP – mercaptopurine 
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MUST – Malnutrition Universal Screening Tool 

NRS2002 – Nutritional Risk Screening Score 2002 

PBF – percent body fat 

PCR – polymerase chain reaction 

qPCR – quantitative polymerase chain reaction 

RFLP – restriction fragment length polymorphism  
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TGNs – thioguanine nucleotides 

TNF – tumour necrosis factor 

TPMT – thiopurine methyltransferase 

UC – ulcerative colitis 

XO – xanthine oxidase 

 

 

 

 



9 

INTRODUCTION 

 

Topicality, novelty, and practical implications of the study 

 

Thiopurine monitoring is a guideline for future medical treatment in autoimmune diseases. It 

considers the interindividual variability of pharmacokinetics and thus enables personalised 

pharmacotherapy. Individual thiopurine metabolism analysis affects treatment outcomes in patients 

with inflammatory bowel diseases (IBD), such as ulcerative colitis (UC) and Crohn’s disease (CD), 

as well as therapy efficiency and drug toxicity (Di Paolo and Luci, 2021). Thiopurine 

methyltransferase (TPMT) is an essential enzyme for biotransformation and its determination is an 

important part of therapy before administering thiopurines (Marinaki and Arenas-Hernandez, 2020). 

Histological remission is the main aim that should be achieved in IBD patient treatment. However, 

studies show that the histological remission of patients is still difficult to achieve, despite the use of 

modern treatment protocols.  

Thiopurine monitoring is a promising strategy that can optimise IBD therapeutics. Despite the 

increasing adoption of thiopurine metabolism analysis in clinical practice, there is limited data of 

evidence and a lack of an overall approach to thiopurine monitoring in the management of IBD. 

Thiopurine methyltransferase (TPMT) and inter-individual variability of TPMT genetic 

polymorphisms influences drug metabolism and concentration of drug metabolites, 6-thioguanine (TG) 

and 6-methylmercaptopurine (MMP), which have been variably associated with therapy efficiency and 

thiopurine toxicity as induced life-threatening adverse effects (Dickson et al., 2021; Warner et al., 

2018). The study has significant scientific and practical applications. So far, neither TPMT expression, 

nor TPMT activity, nor TPMT polymorphism in patients who initiate thiopurine therapy are identified 

in Latvia. It is also a novelty in European countries. The need for individual thiopurine metabolism 

analysis is very high, as patients with TPMT deficiency may be at increased risk of serious health 

problems when using thiopurine medications. 

Individual therapeutic drug monitoring by analysing the metabolism of the thiopurines may 

significantly affect the treatment outcomes in patients with IBD, reducing the risk of side effects, drug 

overdosing and associated maintenance costs in patients with TPMT deficiency. The hyperactivity of 

the TPMT enzyme means that the therapeutic effect will not be achieved and high doses of thiopurines 

can lead to hepatotoxicity (Feuerstein et al., 2017; Warner et al., 2018). 

Testing the TPMT phenotype or genotype before initiating thiopurine therapy is the safest way 

to determine the probability of developing harmful side effects with the use of this drug (Lim and 

Chua, 2018). The developed methodology will be implemented in clinical practice. 

The widespread involvement of gastrointestinal tract disorders raises particular attention to the 

nutritional requirements of IBD patients. Several factors can affect nutritional status and promote the 
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development of malnutrition, such as the duration and activity of the disease. Other components that 

influence the development of malnutrition include increased energy requirements, reduced nutritional 

uptake, reduced breakdown and absorption of nutrients, and malabsorption. Malnutrition is associated 

with negative clinical outcomes and higher rates of IBD mortality. Malnourished patients are more 

likely to undergo repeated admissions within 15-day periods and higher mortality rates in three years. 

Patients are at increased risk of complications, which therefore increases the length of hospital stays 

and treatment costs (Landi, 2019). 

 

 

Aim of the study 

 

The aim of the study was to investigate the interindividual variability of thiopurine metabolism 

using immunological and molecular biology methods with metabolic status in patients with 

inflammatory bowel disease. 

 

 

Tasks of the study 

 

1.  To determine TPMT genotype in IBD patients using molecular biology methods (Study 1). 

2. To perform individual therapeutic drug monitoring of thiopurine metabolism of the TPMT 

phenotype using the enzyme-linked immunosorbent assay (ELISA) method (Study 2). 

3. To identify malnutrition parameters associated with metabolic status in IBD patients (i.e. classified 

as by low and high clinical activity) as an anticipatory indicator of disease activity (Study 3). 

 

 

Hypothesis of the study 

 

Thiopurine metabolism data will confirm the diversity of thiopurine phenotypes in the Latvia IBD 

population, and IBD activity is affected by individual metabolic status.  
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1. LITERATURE OVERVIEW 

1.1. Inflammatory bowel disease 

 

1.1.1. IBD definition and characteristics 

 

IBD is characterised as a chronic, multifactorial, autoimmune disease. The most common types 

of IBD are UC and CD, two idiopathic intestinal diseases that are differentiated by location and depth 

of involvement of the bowel wall. UC is characterised by inflammation of the colonic mucosa, 

whereas CD can affect any part of the gastrointestinal tract, but most frequently affects the terminal 

ileum and colon, and results in transmural ulceration (Colombel et al., 2019). IBD is characterised by 

cycles of remission and relapse, with complex interactions among genetics, environmental factors, and 

the immune system (Ananthakrishnan, 2015). UC and CD can cause autoimmune disorders in other 

organ systems. The European Crohn’s and Colitis Organisation (ECCO) - European Society 

Gastrointestinal and Abdominal Radiology (ESGAR) Guidelines for diagnostic assessment in IBD 

says that single reference standards for the diagnosis of CD or UC do not exist. The diagnosis of CD or 

UC is based on combinations of clinical, biochemical, stool, endoscopic, cross-sectional imaging, and 

histological investigations (Maaser, 2019).  

 

1.1.2. IBD epidemiology 

 

The number of patients with IBD is increasing worldwide, and Latvia is no exception. IBD has 

become a prevalent disease in industrialised countries with the incidence rising significantly over the 

past 50 years (Levine, 2020). The rate of IBD is much higher in North America and Europe than in 

Asia or Africa. The North American incidence is from 2.2–19.2 cases per 100 000 person-years for UC 

and 3.1–20.2 cases per 200 000 person-years for CD. Diagnosed cases of UC and CD in the United 

States are 238 per 100 000 and 201 per 100 000 populations, respectively (Su et al., 2019). The highest 

reported prevalence values were in Europe, accounting for 505 UC cases per 100 000 in Norway and 

322 CD cases per 100 000 person-years in Germany (Ng et al., 2017). Although most IBD occurs in 

individuals aged 15 to 30, up to 25% of patients will develop IBD during adolescence and the second 

peak of 10–15% develop IBD after age 60. CD is slightly more common in females than males, despite 

UC having similar rates in both genders (Su et al., 2019). 
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1.1.3. IBD pathophysiology 

 

The pathogenesis of both UC and CD is still not fully established. The hypothesis is that they 

start from inappropriate activation of the mucosal immune system in response to the microbiome in a 

genetically susceptible host (Spekhorst et al., 2014). 

In healthy people, the lamina propria regularly contains a differing cluster of immune cells and 

secreted cytokines. Cytokines incorporate anti-inflammatory mediators that down-regulate immune 

responses, as well as pro-inflammatory mediators from both innate and adaptive immune cells that 

restrain intemperate sections of intestinal microbiota and guard against pathogens. Noninflammatory 

guards, such as phagocytosis by macrophages, likely help guard against microbes entering the lamina 

propria and minimise tissue damage. A homeostatic adjustment is maintained between regulatory T 

cells and effector T cells (Th1, Th2 and Th17). A comparison between healthy patients and patients 

with intestinal inflammation is shown in Figure 1. In case of inflammation, a few occasions contribute 

to the expanded bacterial introduction, including a disturbance of the mucus layer, dysregulation of 

epithelial tight intersections, expanded intestinal permeability, and increased bacterial adherence to 

epithelial cells. In IBD, innate cells produce expanded levels of tumour necrosis factor (TNF) alpha, 

interleukin-1 beta, interleukin-6, interleukin-12, and interleukin-23. The development of the lamina 

propria is checked with ongoing expanded numbers of CD4+ T cells, particularly pro-inflammatory T-

cell subgroups. Increased production of chemokines comes from the enlistment of extra leukocytes 

during cycles of inflammation (Abraham and Cho, 2009). Fistulas, perianal disease, and colonic and 

small bowel obstructions are common in CD patients. Cryptitis and crypt abscesses are observed in 

both UC and CD, while crypt architecture is more distorted in the case of UC (Yeshi et al., 2020). 
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Figure 1. Scheme of an immune system of intestinal inflammation in a healthy patient (A) 

and a patient with an IBD (B). Adapted from (Abraham and Cho, 2009). 

 

1.1.4. IBD classification, disease activity and staging 

 

CD and UC show heterogeneity in many clinical features. They are differentiated by the 

location and nature of inflammation (Figure 2). UC causes inflammation and ulceration of the inner 

lining of the colon and rectum. Disease onset is between ages 30–40 years with no gender 
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predominance (Yeshi et al., 2020). UC can be present in the rectum and involve the left-sided colon or 

total/pancolitis. CD is more common in the terminal ileum part of the ileocecal region, but can also 

involve segmental damage of the large intestine, forming strictures or fistulas. Smoking, antibiotic use, 

and diet are potentially preventable risk factors for IBD (Forbes, 2016).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. IBD different types. Adapted from (Yeshi et al.,2020). 

 

In 2000, the Vienna classification was accepted, which was the first attempt to classify 

different clinical phenotypes of CD (Gasche et al., 2000). The Vienna Classification was followed by 

the Montreal classification in 2005 that describes the extent and behaviour of CD in more detail and 

includes a classification for UC (Silverberg et al., 2005). The Montreal classification divides CD 

according to the age of the patient, location, and behaviour (structuring, penetrating or non-structuring, 

non-penetrating) into separate emphasising perianal disease modifiers. In contrast to CD, the 

continuous character of damage to the mucosa in the intestine from UC makes classification simpler; 

the classification of UC is limited to the severity and extent (Jakubczyk et al., 2020). Both UC and CD 

Montreal classifications are described in Table 1. 
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Table 1. The Montreal classifications for CD and UC. Adapted from (Jakubczyk et al., 

2020). 

 

For the disease activity of UC, the Mayo score is most used. The Mayo score combines 

endoscopic and clinical scales to assess the severity of UC. It is composed of four parts: rectal 

bleeding, stool frequency, physician’s global assessment, and findings of flexible endoscopy 

(proctosigmoidoscopy or colonoscopy). Each part is rated from 0 to 3, giving a total score from 0 to 

12. Within the endoscopic component of the Mayo Score, a score of 0 is given for normal mucosa or 

endoscopic remission UC; a score of 1 is given for mild disease with evidence of mild friability, 

reduced vascular pattern, and mucosal erythema; a score of 2 is indicative of moderate disease with 

friability, erosions, complete loss of vascular pattern, and significant erythema; and a score of 3 

indicates ulceration and spontaneous bleeding (Paine, 2014). A score of 3 to 5 points in total indicates 

mildly active disease, a score of 6 to 10 points indicates moderately active disease, and a score of 11 to 

12 points indicates severely active disease. Two compressed forms, the partial Mayo score that 

prohibits the endoscopy subscore and the non-invasive six-point score that comprises only the rectal 

bleeding and stool frequency portions, have been created and approved (Lewis et al., 2008) (Table 2). 

 

 

 

 

 

 

 



16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Mayo scoring system for assessment of UC. Adapted from (Schroeder, 1987). 

 

For determining CD activity, the CD activity index (CDAI) is most used. It is based on eight 

clinical variables, three derived from a 1-week patient diary. Each independent variable is coded so 

that 0 corresponds to good health and increasing positive values correspond to greater degrees of 

sickness. A score of less than 150 corresponds to relative disease quiescence (remission); 150–219, a 

mildly active disease; 220–450, a moderately active disease; and greater than 450, severe disease 

(Best, 2006) (Table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. CD activity index. Adapted from (Best, 2006). 
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1.2. Thiopurine group medications 

 

1.2.1. Molecular structure and metabolism 

 

Azathioprine (AZA) is a derivative of 6-mercaptopurine (MP) or a derivative of the 6-MP 

imidazole group and is a widely used thiopurine class drug for the treatment of both steroid-dependent 

and steroid-resistant IBD (Benmassaoud et al., 2016; Liu et al., 2015). The metabolism of thiopurines 

in humans has not been fully established, but it is known that four to five weeks is required before anti-

inflammatory effects are seen. Severe life-threatening bone marrow toxicity can result from an 

overproduction of AZA metabolites such as thioguanine nucleotide (TGN) (Skrzypczak-Zielinksa, 

2016; Armstrong, 2001). The metabolism of thiopurines is complex. AZA is metabolised by the liver 

and rapidly converted to 6-MP in the presence of sulfhydryl compounds such as cysteine and 

glutathione. Metabolism activates different enzymatic pathways producing active, inactive, and 

potentially toxic metabolites. After being absorbed from the gastrointestinal tract, 88% of AZA is 

converted to MP in red blood cells (Yarur et al., 2014). 6-MP is then converted to its metabolites by an 

intracellular multienzymatic process by three enzymes, hypoxanthine phosphoribosyltransferase 

(HPRT), TPMT, and xanthine oxidase (XO) (Carvalho, 2014; Lennard, 2014). 

The metabolite 6-TG accounts for most of the therapeutic effects of AZA (Fangbin et al., 2016; 

Yarur et al. 2014). At the same time, the accumulation of 6-TG causes AZA-related side effects: the 

incorporation of 6-TG into deoxyribonucleic acid (DNA) induces delayed cytotoxicity and may lead to 

apoptotic cell death by inhibiting intracellular signalling pathways (Lennard, 2014). TG and MP can be 

converted by HPRT to TGNs metabolites and MP can be converted to methylthioinosine 

monophosphate (meTIMP) by TPMT. However, thioguanine bypasses the conversion to this 

metabolite. Thiopurines can be converted to inactive metabolites such as methyl-mercaptopurine 

(meMP), methyl-thioguanine (meTG), and methyl-thioguanine nucleotides (meTGNs) by TPMT 

(Hosni-Ahmed, 2011) (Figure 3). The enzyme TPMT plays an important role in determining the 

number of cytotoxic 6-TGNs. 
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Figure 3. Thiopurine drug metabolism pathway. Adapted from (Hosni-Ahmed A et al., 

2011). 

 

1.2.2. Thiopurine side effects 

 

Genetic polymorphisms in TPMT affect the activity of this enzyme and may lead to the toxicity 

of thiopurine drugs, which can cause life-threatening side effects. 

Adverse reactions occur in approximately 10% of patients with IBD treated with AZA and 

approximately 10–20% of these patients discontinued treatment due to adverse reactions (Liu et al, 

2015; Ardizzone et al., 2004). Most adverse reactions occur within the first three months of treatment 

but may occur up to 3 years after treatment (Kim and Choe, 2013; Frei et al., 2013). Complications 

were observed at 1 and 3 months in 26% and 93% of patients receiving the full dose of AZA 

(Benmassaoud et al., 2016). The most common complications of AZA are gastrointestinal disorders, 

hepatotoxicity, infections, and myelosuppression (Kim and Choe, 2013; Frei et al., 2013). However, 

other complications include pancreatitis, malignancies, and allergic skin reactions. Patients receiving 

the full dose of AZA are particularly at increased risk of developing lymphoma and skin malignancies. 

Mercaptopurine is reported to be better tolerated by about 50% of patients intolerant to AZA (Frei et 

al., 2013). 
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Liu et al. (2015) conducted a meta-analysis of 11 studies and found that TPMT genetic 

polymorphism was more associated with myelosuppression and AST disorders than with 

hepatotoxicity. Myelosuppression is a dose-dependent side effect of thiopurines, occurring in 

approximately 2–5% of European patients. It can develop at any time, but in 25% of cases, it occurs 

after the first year (Frei et al., 2013). Early myelosuppression can be avoided by measuring TPMT 

activity prior to thiopurine administration, but each patient will still require regular haematological 

monitoring of the blood count (Liu et al. 2015). 

Infectious complications during thiopurine therapy may occur even in the absence of dose-

dependent leukopenia, especially when thiopurine is used in combination with corticosteroids, which 

may lead to dose-dependent lymphocyte depletion (Frei et al., 2013). 

After a few years of treatment, hepatotoxicity may manifest as an early indicator of drug-

induced hepatitis as nodular regenerative hyperplasia or fibrosis (Frei et al., 2013). Thiopurine-induced 

hepatotoxicity is more likely to be dose-dependent and in many patients, elevated transaminases 

respond to dose reduction of thiopurines (Liu et al. 2015). 

The most common specific adverse reactions are nausea and vomiting, which are present in up 

to 15% of patients (Ribaldone et al, 2019; Tripathi and Feuerstein, 2019). Several experts have 

recommended slowly increasing the dose when starting thiopurine therapy or taking it before sleeping. 

Other common side effects include headache, fatigue, weakness, weight loss, stomatitis, alopecia, 

arthralgia, muscle weakness, and rash, which can occur in more than 10% of patients. If these side 

effects occur, it should be determined whether they disappear after dose reduction. In the case of 

arthralgia and myalgia, transitioning from AZA to mercaptopurine should be considered (Frei et al., 

2013; Asadoy et al., 2017). 

Pancreatitis is also a serious side effect and occurs in up to 4% of patients, especially in the 

first weeks of treatment (Frei et al., 2013). A small and asymptomatic increase in serum amylase is 

common and some experts recommend reducing the dose or stopping treatment if this occurs. If the 

increase in amylase is associated with typical pain symptoms (toxic pancreatitis), thiopurines should be 

discontinued. Switching to mercaptopurine after AZA-induced pancreatitis is not recommended as 

these patients are less likely to tolerate it well (Frei et al., 2013; Ribaldone et al, 2019). 

 

1.3. Thiopurine S-methyltransferase 

 

TPMT is a cytoplasmic enzyme encoded by the TPMT gene on the short arm of chromosome 6 

(6p22.3) (Coelho et al., 2016; Asadoy et al., 2017). The TPMT enzyme catalyses the S-methylation 

process in the body and metabolises cytostatic drugs in the inactive methylated form in patients taking 

thiopurine drugs (Lennard, 2014). Despite the pharmacological role of TPMT in metabolism, the 

metabolism of thiopurines in the body has not been fully studied (Gonzalez-Lama and Gisbert, 2016). 
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Various clinical guidelines recommend that TPMT be determined prior to initiate thiopurine 

therapy (Benmassauiud et al., 2016; Liu et al., 2015; Lennard, 2014; Liu et al., 2016). This can be 

achieved by two methods: 1) evaluating TPMT enzyme activity in circulating red blood cells (RBCs) 

showing the TPMT phenotype or 2) identifying the TPMT variant genotype associated with enzyme 

deficiency using PCR (Roy et al., 2016; Goel et al., 2015). Thus, TPMT enzyme activity is determined 

by biochemical methods and polymorphisms affecting TPMT activity are determined by molecular 

biology methods. 

1.3.1 TPMT genotype 

 

From the literature, around 85–95% of people have two functioning TPMT alleles, it is a wild-

type genotype associated with normal TPMT enzyme activity. In total, about 40 TPMT gene 

polymorphism variants associated with decreased TPMT activity have been described. TPMT*1 is a 

functioning or normal activity allele (Asadov et al., 2017) (Figure 4). 

 

 

Figure 4. TPMT gene and common mutant alleles. Adapted from (Asadov et al., 2017). 

 

There are three main models of TPMT enzyme activity: 1) homozygous patients with two non-

functional alleles and low enzyme activity; 2) heterozygous individuals with one non-functional and 

one functional allele and moderate TPMT activity; and 3) homozygous wild-type individuals with two 

functioning TPMT gene alleles and normal or high TPMT activity (Lennard, 2014; Dean, 2012; 

Chouchana et al., 2014) (Figure 5). 
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Figure 5. TPMT enzyme activity depending on TPMT genotype and TGN metabolite 

levels. Adapted from (Relling et al., 2019). 

 

TPMT polymorphisms differ between various ethnic groups. The most common alleles in 

Europeans that reduce TPMT activity are TPMT * 2 (c.238G> C), TPMT * 3A (c.460G> A and 

c.719A> G), TPMT * 3B (c.460G> A), and TPMT * 3C (c.719A> G). 

TPMT enzyme activity is associated with single nucleotide polymorphisms (SNPs), TPMT * 2 

is associated with rs1800462, TPMT * 3B with rs1800460, and TPMT * 3C with rs1142345. However, 

TPMT * 3A is associated with both rs1800460 and rs1142345 (Lennard 2014; Asadoy et al., 2017). 

These alleles are thought to account for 80–95% of the reduced TPMT enzyme activity. For this 

reason, these four alleles are used in most genotyping tests (Asadoy et al., 2017; Dean, 2012). 

The frequency of mutant alleles varies between ethnic groups, but in general, the most common 

allele in most populations is TPMT * 3A, followed by TPMT * 3C (Carvalho et al., 2014; Fangbin et 

al. 2016; Almoguera et al. 2014). There are reports that Europeans have one of the highest frequencies 

of the TPMT * 3A genotype. In contrast, Asians and Africans have higher frequencies of the TPMT * 

3C genotype (Asadov et al., 2017; Almoguera et al. 2014). TPMT * 3C is also almost the only mutant 

allele observed in Asians. The less common allele TPMT * 2 is found mainly in ethnic groups in South 

America and the Middle East, especially in Iran. The TPMT * 3B allele is rare. It is usually present in 

tight linkage with the *3C SNP, resulting in a common allele, *3A (Dean, 2012; Wang et al., 2010). 
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On average, 1 in 300 individuals lack TPMT activity and approximately 11% of people have a 

heterozygous allelic variant, indicating lower enzyme activity. Low TPMT enzyme activity is 

associated with abnormal metabolism of thiopurine drugs, overproduction of cytotoxic metabolites, 

and the potential for myelosuppressive effects on hematopoietic cells and adverse reactions unrelated 

to the pharmacological properties or dose of the substances. Bone marrow toxicity in patients with low 

TPMT activity receiving thiopurine at doses of 1.5–2.5 mg/kg is associated with TPMT deficiency, 

whereas patients with TPMT mutations in a heterozygous state are at increased risk of 

myelosuppression (Dean, 2012; Broekman et al., 2017; Gonzalez-Lama and Gisbert, 2016). 

 

1.3.2. TPMT phenotyping 

 

 High-performance liquid chromatography (HPLC) with mass spectrometry, which 

measures TPMT activity in erythrocytes using the substrate 6-mercaptopurine (6-MP), is the most 

common method for determining or phenotyping TPMT enzyme activity (Coenen et al., 2015). Recent 

studies suggest that the HPLC method could also be used to measure TPMT activity in whole blood. 

These methods are less time-consuming and are less likely to make a mistake than HPLC of 

erythrocytes, as laborious erythrocyte washing steps required for erythrocyte isolation may be omitted. 

Recent studies have optimised this method and they are widely used in research (Coenen et al., 2015). 

 

1.3.3. TPMT genotyping versus phenotyping 

 

TPMT genotyping is highly sensitive compared to determining enzyme activity (Almoguera et 

al., 2014; Genneo et al., 2019). Studies have shown that the approximate sensitivity and specificity of 

TPMT genotyping are 88.9% (81.6–97.5%) and 99.2% (98.4–99.9%), respectively, while the 

approximate sensitivity and specificity of TPMT phenotyping are 91.3% (86.4–95.5%) and 92.6% 

(86.5–96.6%) respectively (Genneo et al., 2019). 

When interpreting the performance of the TPMT enzyme, it should be considered that this 

diversity in enzyme activity depends on many factors, such as age, gender, ethnicity, erythrocyte mass 

transfusion, leukaemia and drug therapy, and drug interactions (Asadoy et al., 2017; Chouchana et al., 

2014). In addition, reassessments may be required to determine TPMT activity, as treatment with AZA 

may result in increased TPMT activity. Therefore, determination of TPMT enzyme activity is 

recommended before the start of thiopurine therapy rather than during. Similarly, TPMT enzyme 

activity may be affected by other drugs, for example, 5-aminosalicylate drugs can reversibly inhibit 

TPMT activity (De Boer et al., 2007; Gilissen et al., 2005). TPMT enzyme activity may also depend 

on external factors such as incubation temperature, substrate source, and concentration, whereas DNA 
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is much more stable in genotyping. These factors should be considered before deciding on the method 

of determining TPMT status. 

Therefore, for many reasons, TPMT genotyping is considered to be the more accurate and 

reliable method. In many studies, the overall agreement between TPMT genotype and phenotype is 

90–95%. Although some studies have found that genotype matching was approximately 60–70% in 

patients with low TPMT activity, the genotype-phenotype correspondence was higher in the 

heterozygous group, at approximately 70–86% (Lennard, 2014; Assadoy et al., 2017). 

 

1.4. Treatment of IBD and therapeutic drug monitoring 

 

AZA and mercaptopurine have been used for several decades to treat IBD at standard doses of 

1.5–2.5 and 0.75–1.5 mg/kg, respectively. Currently, by pre-determining TPMT activity, the dosage of 

AZA and mercaptopurine can be adjusted individually for each patient. TPMT is required for 

detoxification by S-methylation (Burchard et al., 2014). Thus, if the dose of a thiopurine is not 

administered based on an individual’s level of TPMT activity, toxicity due to TPMT deficiency may 

lead to discontinuation of treatment (Gisbert et al., 2006; Liu et al., 2016; Roy et al., 2016). In contrast, 

higher than normal TPMT activity may lead to resistance to normal doses of AZA, and higher doses 

may be required for effective treatment (Cuffari et al., 2004). 

AZA and mercaptopurine are the most used immunosuppressive drugs in IBD patients. Recent 

studies suggest that AZA can control active inflammation and prevent relapses in CD and UC, as well 

as reduce steroid dependence and maintain remission in IBD (Carvalho et al., 2014). 

Low TPMT activity is associated with altered thiopurine metabolism, overproduction of 

cytotoxic metabolites, and myelosuppression. Prior to administration of thiopurines to patients with 

IBD, TPMT should be genotyped or phenotyped to assess treatment risks and prevent adverse 

reactions (Warner et al., 2018). 

The Clinical Pharmacogenetics Implementation Consortium (CPIC) published 

recommendations for AZA dosing based on TPMT genotype (Relling et al., 2019). In patients with 

two functionally active TPMT alleles, TPMT enzyme activity is normal or high in most cases. In these 

patients, the CPIC recommends starting with the standard dose of AZA and adjusting the dose based 

on specific conditions. In heterozygous patients, TPMT enzyme activity is moderate. These patients 

are at increased risk of dose-dependent AZA-induced myelosuppression. Therefore, the CPIC 

recommends that these patients initiate AZA therapy at 30–70% of the target dose and titrate the dose 

based on tolerance. In homozygous patients with two non-functional TPMT alleles and low TPMT 

enzyme activity, alternative treatments have been proposed (Benmassaoud et al., 2016; Dean, 2012). 

Alternative treatment is biological treatment such as anti-TNF therapy. Interestingly, in a separate 
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study, TPMT testing to determine the dose of AZA in patients with moderate or low TPMT enzyme 

activity reduced haematological adverse events by 89% (Feuerstein et al., 2017). 

The Food and Drug Administration (FDA) guidelines issued in 2015 recommended the use of 

TPMT genotyping or phenotyping prior to beginning AZA treatment to allow the identification of 

patients at increased risk of toxicity who will require a reduced starting dose of AZA or alternative 

therapies. However, the FDA emphasises that the determination of TPMT prior to thiopurine therapy 

does not preclude patients from being monitored for blood counts during therapy (Dean, 2016; Warner 

et al., 2018). 

Although TPMT genotyping and phenotyping can be used to identify patients at increased risk 

of bone marrow toxicity, monitoring of therapeutic agents is still recommended during treatment with 

AZA (Yarur, 2014). Standard laboratory tests consist of a complete blood count, liver transaminases, 

amylase, lipase, platelet count, and creatinine. Some authors recommend checking the blood count 

every week during the first month of AZA treatment, followed twice a month during the second and 

third months, and every month thereafter. Liver enzyme testing should be performed every 3 months 

(Gennep et al., 2019). Other authors recommend blood tests every 2 weeks for the first months. If 

signs of myelosuppression develop, AZA should be discontinued immediately (Warner et al., 2018). 

As described in Section 1.2.1., the toxicity of thiopurines results from the metabolites 6-MMP 

and 6-TGN. Dose escalation to achieve therapeutic levels of 6-TGN may result in high levels of 6-

MMP and an increased 6MMP / 6TGN ratio is associated with a poor therapeutic response and 

increased prevalence of side effects. Close monitoring of the metabolite should be considered to avoid 

toxicity or underdosing of thiopurines (Gonzalez-Lima and Gisbert, 2016). 

The addition of allopurinol to thiopurine therapy is a possible method of improving thiopurine 

therapy. This combination has been shown to improve therapeutic levels of 6TGN and to reduce serum 

concentrations of the toxic metabolite 6MMP, although the mechanism by which this occurs is still 

unclear. One theory is that allopurinol directly inhibits the XO enzyme and therefore contributes to the 

increase in serum levels of the active 6TGN metabolites (Blaker et al., 2013). Another mechanism, 

possibly the addition of allopurinol, inhibits TPMT by producing 6-thioxanthine. The last proposed 

mechanism is that allopurinol may increase HPRT enzyme activity. This classic combination of 

thiopurine and allopurinol usually involves a dose reduction of thiopurines of at least 50% and the 

addition of 100 mg allopurinol, although recent studies suggest that lower and safer doses may also be 

beneficial (Gonzalez-Lima and Gisbert, 2016). 
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1.5. Malnutrition in IBD patients 

 

Active IBD is correlated with the systemic response of the body’s immune system, activating a 

hypermetabolic state and protein degradation (Argiles et al., 2015). These conditions lead to 

malnutrition, which significantly increases the risk of impaired clinical outcomes, such as delayed 

recovery and increased mortality (Landi et al., 2019; Friedman et al., 2018). 

The widespread involvement of gastrointestinal tract disorders raises attention to the nutritional 

requirements of IBD patients (Friedman et al., 2018). Several factors can affect nutritional status and 

promote the development of malnutrition, such as the duration and activity of the disease. Other 

components that influence the development of malnutrition include increased energy requirements, 

reduced nutritional uptake, reduced breakdown and absorption of nutrients, and malabsorption 

(Bischoff et al., 2020). 

Malnutrition is associated with negative clinical outcomes and higher rates of IBD mortality 

(Raslan et al., 2011). Malnourished patients are more likely to undergo repeated admissions within 15-

day periods and higher mortality rates in three years. Malnourished patients are also at increased risk 

of complications, which increase the length of hospital stays and treatment costs (Lim et al, 2012). 

Screening in Emergency Units has shown the prevalence of nutritional risk of 35.3% and 28.5% 

according to the screening tools Nutritional Risk Screening Score 2002 (NRS2002) and Malnutrition 

Universal Screening Tool (MUST), respectively. Hence, it is important to detect undernutrition as 

early as possible (Raupp et al., 2018). 

Several screening tools are recommended by the European Society of Clinical Nutrition and 

Metabolism, including the NRS2002 and MUST for nutritional assessment in hospital settings 

(Kondrup et al., 2003). MUST is a five-step screening tool to identify adults who are malnourished, at 

risk of malnutrition or undernutrition. It includes questions about body mass index (BMI), weight loss 

in the past 3–6 months, and nutritional intake for >5 days (Figure 6). 
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Figure 6. Malnutrition Universal Screening Tool. Adapted from (Kondrup et al., 2003). 

 

The aim of the NRS2002 system is to detect the presence of undernutrition and the risk of 

developing undernutrition. NRS2002 contains the same nutritional components as MUST but also 

grades the severity of disease as a reflection of the increased nutritional requirements. It includes four 

questions for pre-screening for departments with few at-risk patients. If one of the answers is positive, 

then the full screening should be completed. A total score of ≥ 3 indicates that a patient is ‘at 

nutritional risk’ (Figure 7). 
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Figure 7. Nutritional Risk Screening. Adapted from (Kondrup et al., 2003). 

 

As reported by a review of 83 studies, both screening tool performances were rated fair to well 

for predicting clinical outcomes in adult patients (Van Bokhorst-de van der Schueren, 2014). The 

identification of sensitive new metabolic markers for the early diagnosis of IBD-induced malnutrition 

will be a future challenge for targeted IBD care.  

CD leads to malnutrition in approximately 65–75% of patients (Scaldaferri, 2017) and specific 

nutritional deficiencies, that may be caused by low dietary intake, changes in metabolism, increased 

intestinal protein loss, and nutrient malabsorption (Jahnsen, 2003; Wędrychowicz, 2016). The 

nutritional status of IBD patients is frequently altered, even when the disease is in remission, although 

it is directly related to the severity of the disease (Casanova, 2017; Back, 2017).  

Malnutrition is an objective disease activity parameter for patients with IBD, particularly CD, 

and is an indicator of systemic damage or inflammatory activity. Active disease is correlated with the 

systemic response of the body’s immune system, activating a hypermetabolic state and protein 

degradation, decreasing protein synthesis (Argiles, 2015). These conditions lead to malnutrition, which 

significantly increases the risk of impaired clinical outcomes, such as delayed recovery or increased 

https://www.ncbi.nlm.nih.gov/pubmed/?term=W%26%23x00119%3Bdrychowicz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26811646
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mortality (Landi, 2019). Inadequate body composition and malnutrition have been associated with 

poor outcomes, such as a higher frequency of postoperative complications, longer hospital stays, 

decreased quality of life, and higher health costs (Casanova, 2017). The severity of malnutrition 

depends on the activity, duration and extent of the disease, and inflammatory response which drives 

catabolism (Forbes, 2016).  

To evaluate malnutrition, basic anthropometry techniques were used, such as BMI and 

biochemical parameters; however, these are not accurate enough to estimate body composition. In a 

high proportion of IBD patients, these values may be within normal ranges despite having altered body 

composition, therefore bioelectrical impedance analysis (BIA) is used to calculate total body water 

(TBW) and to estimate fat-free mass (FFM) (lean mass) and muscle and fat mass (Casanova, 2017). 

BIA is easy, non-invasive, relatively inexpensive and can be performed in almost any patient because 

it is portable (Kyle, 2004). It is recommended that screening should be performed within the first 24–

48 h after first contact and at regular intervals thereafter. For those identified as being at risk, a 

nutritional screening nutritional assessment should be conducted (Cederholm, 2017).  

Recent studies have shown that between 22% and 60% of patients with IBD have FFM 

depletion. This is significant because FFM depletion is associated with negative outcomes including 

major postoperative complications, small bowel resection, primary non-response to anti-TNF agents, 

and osteopenia. Traditional nutritional measurements such as BMI correlate poorly with indices of 

FFM in patients with CD, resulting in an increased risk for under-recognition and underestimation of 

the extent of nutrition depletion when relying on these (Wood, 2020). Reduced muscle mass has been 

included in the Global Consensus for Diagnosing Malnutrition in Adult Patients (Cedeholm, 2019). 
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2. MATERIALS AND METHODS 

2.1. Patient selection 

 

This dissertation was a prospective, comparative group multicentre study including patients 

from Pauls Stradiņš Clinical University Hospital (PSCUH) Gastroenterology, Hepatology and 

Nutrition Therapy Center, in collaboration with the Latvian University, Latvian Biomedical Research 

and Study Center. The study was planned to include 244 patients of both sexes with IBD (UC or CD).  

Patient inclusion criteria were morphologically confirmed IBD (UC or CD) with active disease 

or clinical remission, the patient can understand and answer questions, and the patient can sign the 

informed consent form.  

A total of 244 IBD patients identified from the Genome Database of the Latvian Population 

were included in the study after obtaining informed consent and the completion of health and heredity 

questionnaires. The study was performed in accordance with the Declaration of Helsinki and was 

approved by the Central Medical Ethics committee of Latvia (protocol no. 22.03.07/A7, no. 3/18-02-

21). 

For the first study, the TPMT genotype was detected for all 244 IBD patients. In the second 

study, the TPMT phenotype was investigated for 20 patients. In the third study, 50 patients were 

analysed for malnutrition risk factors and treatment with a control group of 50 patients. 

 

 

2.2. Patient data and information acquisition 

 

Patients’ data were anonymised by assigning individual patient codes. In the first and second 

studies, the protocol included age, gender, weight, and height data from the patient's medical card; as 

well as the duration of IBD, the history of the anamnesis, such as concomitant illness, surgical 

operations, smoking and drug use, medication intolerance and allergies, endoscopic examinations 

(colonoscopy), and interpretation of the biopsy result; blood laboratory and immunological analyses 

(full blood count), C-reactive protein (CRP), serum amyloid A (SAA), alkaline phosphatase (SF), 

alanine aminotransferase (ALAT), aspartate aminotransferase (ASAT), gamma glutamyltransferase 

(GGT), total protein (OBV), albumin, lipase, alpha-amylase, ferritin, iron, creatinine, and faecal 

examination for calprotectin.  

The following data were collected for each patient based on responses to the health and 

heredity questionnaires: demographics, gender, age, nationality, and the region of Latvia where the 

patient was born (Vidzeme, Kurzeme, Latgale, or Zemgale). The questionnaires assessed the patient’s 

medical history, lifestyle, and other important factors, such as smoking status, physical activity, 

http://www.wma.net/en/30publications/10policies/b3/index.html
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possible risk factors of anamnesis, allergic reactions, medication intolerances, regular medications, and 

comorbidities. 

In the third study, fifty hospitalised patients were screened using both NRS2002 and MUST 

scores (Kondrup, 2003). The European Society for Clinical Nutrition and Metabolism (ESPEN) 

practical guideline: Clinical Nutrition in inflammatory bowel disease, 2019, emphasises that for adult 

IBD patients, the risk of malnutrition can be assessed using validated screening tools, including both 

NRS2002 and MUST. Both tools were developed to assess the nutritional status of patients and to 

predict possible outcomes associated with nutritional status. MUST assessed three factors: BMI, 

weight loss in the past 3–6 months, and severity of illness and NRS2002 included the same questions, 

but additionally evaluated nutritional intake over the week prior to assessment and had an additional 

point for elderly patients (i.e. aged >75 years). NRS2002 also stratified diseased patients according to 

the severity of the disease (Bischoff et al., 2020; Kondrup, 2003). Patients were screened twice if their 

scores for the first assessment indicated a nutritional risk. None of the patients had any autoimmune 

diseases or surgical interventions in the anamnesis. IBD patients were divided into two groups: low 

clinical activity indexes (CDAI <150 for CD and Mayo <4 for UC) and high clinical activity indexes 

(CDAI >150 for CD and Mayo >4 for UC) and were further divided into smaller groups for UC and 

CD separately (Figure 8). 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 8. Diagram of study flow. 
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2.3. Blood samples preparation 

 

In this study, blood samples were taken by certified medical personnel in accordance with the 

requirements for biological material collection and sterility. In this process, only a single system for 

removing blood (needles, needle holders, vacuum cleaners, etc.) was used. All patients' blood samples 

were collected at the Pauls Stradiņš Clinical University Hospital in the Gastroenterology, Hepatology 

and Nutrition Center procedure room or in the Personal Medical Laboratory according to the same 

methodology. From each IBD patient, we collected 20 mL of blood from the elbow vein to a 

vacutainer-type, ethylenediaminetetraacetic acid-containing tube and 7 mL of blood to a clot-activator 

tube. Serum, plasma, and white blood cells were separated within 2 days of blood collection and stored 

in several aliquots with transport boxes. DNA was extracted using the phenol-chloroform extraction 

method. The samples/aliquots of plasma, serum, white blood cells and DNA were stored and frozen at 

−80°C to avoid repeated cycles of re-freezing and defrosting. All tubes with blood samples were 

placed on a special stand, preventing them from tipping over during storage and transport. 

 

 

2.4. TPMT genotype detection 

 

TPMT genotypes were determined by quantitative real-time polymerase chain reaction (qPCR) 

using TaqMan Fluorescent Probes (TaqMan Drug Metabolism Genotyping Assays) for detection of the 

rs1800462, rs1800460, and rs1142345 SNPs. The three common non-functional TPMT alleles (TPMT 

* 2, * 3B, and * 3C) were determined. The PCR reactions amplified probes binding to DNA copies at 

sites of the TPMT gene that might contain polymorphisms and emitted fluorescent signals. All 

polymorphisms were analysed using a StepOneTM Software version 2.3 Real-Time PCR System. 

TPMT * 2, *3 A, * 3B, and * 3C allelic variants detected by qPCR were confirmed via the PCR-

restriction fragment length polymorphism technique and allele-specific PCR. The results of qPCR and 

the alternative PCR assays were consistent. The DNA fragments were separated and analysed in 2.5% 

agarose gel and visualised by staining with ethidium bromide. 

 

 

2.5 TPMT phenotype detection 

The samples were centrifuged 30 min after collection for 15 min at 1000 rpm at 4 °C. TPMT 

expression was determined by enzyme-linked immunosorbent assay (ELISA) using the MyBioSource 

reagent kit Human TPMT ELISA Kit (catalogue number MBS938845). The kit included: antibody 

biotin (100-fold concentrate; 120 μL), biotin diluent (15 mL), avidin HRP or horseradish peroxidase 

(100-fold concentrate; 120 μL), avidin HRP diluent (15 mL), standard solution, sample diluent (50 



32 

mL), wash buffer (25-fold concentrate; 20 mL); TMB or tetramethylbenzidine substrate (10 mL); 

suspension solution (10 mL); adhesive strips (4 pieces); 96-field plate. A TECAN Infinite 200 PRO 

spectrometer was used to measure light absorption. 

 

 

2.6. Bioelectrical impedance analysis method 

 

 BIA was performed for 48 patients on admission day. BIA was not carried out for two patients, 

because they were bedridden due to severe exacerbation of their underlying illness. The GENIUS 2002 

(Jawon Medical, Korea) was used to assess BIA, and measurements were performed at least 3 h after 

eating to reduce small errors in impedance determination (Kyle, 2004). The instrument required the 

patient to be in the standing position and used eight touch electrodes with frequency ranges of 5, 50, 

and 250 kHz to take measurements. Electrical currents can penetrate tissues in various frequencies 

based on their different electrical features and the hydration or nutritional status of the patient; 

multifrequency BIA increases the accuracy of measurements (Kyle, 2004). The whole body was 

measured by subdividing it into various segments. Furthermore, weight (kg), BMI, FFM (kg), soft lean 

mass (SLM) (kg), metabolic body fat (MBF) (kg), total body water (TBW) (kg), percent body fat 

(PBF) (%), basal metabolic rate (kcal), total energy expenditure (kcal), and visceral fat (%) were 

assessed.  

 

2.7. Control group  

 

 For the third study, 58 individuals from the general population were enrolled as the control 

group. BIA was performed if the patient met the inclusion criteria: age ≥ 18 years old and age-matched 

to the patient group, with no food intake ≥ 3 h prior to testing, and with no nutritional risks identified 

using both screening tools (NRS2002 and MUST). These criteria ensured that the control group did not 

harbour any active disease that would interfere with the study results. After exclusion, the control 

group comprised 48 individuals; the selection ensured appropriate age- and sex-matched (i.e. with 

equal male to female ratio) controls for the study group. 

 

 

2.8. Statistical analysis 

 

For the statistical analysis, we used SPSS version 23.0 (IMDB Statistical Package for the Social 

Sciences 23.0). Statistical significance was set at p-values ≤ 0.05. Data are indicated as median 
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(interquartile range (IQR) 25–75th percentile) or mean ± SD for normally distributed data sets. The 

independent sample Kruskal–Wallis test was used to identify statistically significant differences 

between groups of independent variables for non-parametric datasets while one-way ANOVA was 

used for data with normal distribution. After non-paired analysis, the Mann–Whitney U test was 

performed to evaluate variance between pair-matched groups. For related samples, the Wilcoxon test 

was used to compare two series of scores in the same group. 

Continuous variables were presented as the median and interquartile range (Q1−Q3) and were 

compared using the Mann–Whitney test. The categorical variables were expressed as the frequency 

and percentage and were compared using Pearson’s chi-squared test with Fisher’s exact test or 

Cramer’s V effect size as appropriate. Odds ratios (ORs) were presented with 95% confidence 

intervals (CI).  
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3. RESULTS 

3.1. TPMT genotyping (First study) 

3.1.1. Study participants 

Our study population comprised 244 adult IBD patients, with an almost equal gender ratio 

(51% women and 49% men). The mean age of the participants was 43 ± 16 years. Among these 

patients, 78%, with a median age of 41 years (Q1−Q3 = 29.8−54.3), had UC, and 22%, with a median 

age of 43 years (Q1−Q3 = 30.8−55.0), had CD (p = 0.57) (Figure 9). Women comprised 47% and 63% 

of the UC and CD groups, respectively (Table 4). 

 

Table 4. Characteristics of the study group. 

Diagnosis UC N 190 

    % 77.9% 

  CD N 54 

  

 

% 22.1% 

Sex Female N 124 

    % 50.8% 

  Male N 120 

  

 

% 49.2% 

Age Median   41 

  Min 

 

17 

  Max   82 

Age group Age <50 N 187 

  

 

% 76.6% 

  Age >50 N 57 

  

 

% 23% 

Brothers/Sisters   N 178 

    % 73% 

Twin 

brothers/Twin 

sisters   N 4 

    % 0.02% 
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Figure 9. IBD median age. 

 

 

3.1.2. TPMT genotyping 

TPMT alleles were identified in all 244 patients, with 93.9% carrying a wild-type homozygous 

TPMT *1/*1 genotype and 6.1% were heterozygous and harboured polymorphisms (4.9% of whom 

had UC) (Table 5). However, we found that TPMT polymorphisms were not consistently associated 

with IBD (OR: 1.15, 95% CI: 0.31−4.28, p = 0.99). The most frequent polymorphisms (5.3%) were 

TPMT *1/*3A genotype with TPMT *3B and TPMT *3C alleles (Table 5). Only two patients had 

TPMT *1/*3C and TPMT *1/*2 genotypes independently. No patients carried the TPMT *3B 

polymorphism and no patient was found to be homozygous for any mutation (Figure 10). 
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Table 5. Distribution of major TPMT alleles. 

  Frequency of alleles (%) Patients, N 

TPMT *1/*1 93.9 229 

TPMT *1/*3A 5.3 13 

TPMT *1/*3C 0.4 1 

TPMT *1/*2 0.4 1 

Total heterozygous genotypes 6.1 15 

 

 

 

 

Figure 10. TPMT genotype in IBD groups. 
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3.1.3. Association of TPMT polymorphisms with different clinical factors 

 

We examined whether different clinical factors were associated with TPMT polymorphisms 

(Table 6). We observed no significant association between gender and TPMT polymorphisms (p = 

0.21). Most patients with TPMT polymorphisms were Caucasian and were born in Latvia, outside the 

capital Riga. A moderate association was found for patients born in the Vidzeme region (Cramer’s V = 

0.2). Fisher’s exact test showed a nominal statistical association between TPMT polymorphisms and 

possible risk factors of anamnesis (working with chemicals, dust, aerosols, and lacquers, and working 

in chemical factories) (p = 0.04). 

 

Table 6. Patients’ diagnosis and region of residence in different TPMT allele subgroups. 

 

     TPMT genotype 

  

Heterozygous Wild-type   

    N % of total N % of total p value 

IBD group UC 12 4.9% 178 73.0% 

 

 

CD 3 1.2% 51 20.9% 0.99 

Region of Latvia Kurzeme 2 0.9% 32 15.2% 

 

 

Vidzeme 5 2.4% 130 61.6% 

 

 

Latgale 1 0.5% 23 10.9% 

 

 

Zemgale 4 1.9% 14 6.6% 0.02 

City Riga 5 2.4% 81 38.4% 

 

 

Outside of Riga 7 3.3% 118 55.9% 0.99 

Other countries Russia 1 3.0% 13 39.4% 

 

 

Belarus 1 3.0% 7 21.2% 

 

 

Ukraine 0 0.0% 4 12.1% 

 

 

Estonia 1 3.0% 0 0.0% 

 

 

Lithuanian 0 0.0% 2 6.1% 

 

 

Other 0 0.0% 4 12.1% 0.05 

Azathioprine Receive 0 0.0% 22 9.0% 

   Do not receive 15 6.1% 207 84.8% 0.38 

 

Among all included patients, 80% regularly took IBD medication and 18% had experienced 

allergic reactions to antibiotics, analgesics, and other drugs. Although no statistical association was 

found between TPMT polymorphisms and drug allergy (p = 0.78), 0.8% of patients with positive 
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TPMT polymorphisms (TPMT *1/*3A genotype) had previously used AZA and had experienced 

adverse drug reactions, such as myelosuppression and gastrointestinal intolerance. 

Myelosuppression was characterised as decreased white blood cells (neutropenia <1,500 

neutrophils/μL of blood) and gastrointestinal intolerance was characterised as vomiting, nausea and 

stomach cramps. Furthermore, we found that 15% of all the patients were smokers with a median 

smoking duration of 14 years (Q1–Q3 = 10.0–30.0) and 28% of the patients were previous smokers 

with a median smoking duration of 10 years (Q1–Q3 = 4.0–20.0). However, Fisher’s exact test did not 

reveal any statistical associations between TPMT polymorphisms and smoking status (OR: 1.19, 95% 

CI: 1.12–1.26, p = 0.14). 

 

3.2. Method of detection of thiopurine methyltransferase polymorphisms  

(Latvia patent registry Nr. 15508 B, 2021) 

 

3.2.1. Optimising the method of TPMT genotype detection 

 

As described in Section 1.3. before the literature data, the TPMT gene has many 

polymorphisms that affect thiopurine metabolism. Our polymorphism detection method considered 

three well-described mutations of the highest incidence compared to other TPMT mutations that also 

impact thiopurine drug therapy. Discussions about the economic benefits of conducting a TPMT 

genotype test on every patient that starts thiopurine drug treatment is still ongoing. TPMT genotype 

testing recently became available in Latvia; however, it remains expensive and is not covered by health 

authorities. We aimed to develop a low-cost and reliable TPMT testing method by combining 

commercially available reagents from different manufacturers. We developed a qPCR method and 

provided instructions for reaction mix preparation and the optimised qPCR cycling program. 

The typical qPCR mixture includes purified patient DNA, reaction buffer containing Mg2+ 

ions, a polymerase that performs copying of the target gene, primers that anneal to the target gene, and 

a probe that anneals within an amplified DNA region and emits fluorescent light that serves as a signal 

for DNA amplification. The target gene is a gene of interest that in some cases contains 

mutation/deletion/polymorphism, but in most cases does not contain alterations and is called a wild-

type gene. 

For studies of novel mutations, there are computer programmes available that help scientists 

design unique primers and probes that can be synthesised and ordered from manufacturers. Normally, 

several sets of these oligonucleotides are ordered and used in reactions where timing and temperature 
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vary. The concentration of components is adjusted experimentally, and different reaction buffers can 

be used to optimise the reaction. The qPCR was considered as optimised when: 

1. A strong fluorescent signal was emitted for positive samples. 

2. Very little signal was detected for negative samples, indicating the clear difference between 

the test results of samples containing variation and wild-type genes. 

3. Testing costs were reduced. 

4. The protocol was handy and easy work to minimise the possibility of errors. 

We bought commercially available PCR reagents for the detection of TPMT polymorphisms. 

American company Applied Biosystems (now part of Thermo Fisher Scientific) holds a solid 

reputation in quality research and offer millions of SNP assays, including assays for the detection of 

TPMT polymorphisms. The assays from this company met our needs in several ways: 

1. TaqMan SNP Genotyping Assays have a unified qPCR set-up protocol that allows running 

PCR reactions simultaneously to detect different TPMT polymorphisms, 

2. TaqMan assays contain probes and primers in one mixture. There are only three reaction 

components for PCR: purified genomic DNA (1–20 ng), assay solution, and TaqMan Genotyping 

Master Mix (or another compatible master mix), 

3. Reasonable price and number of reagents to test the hundreds of patients in our study.  

 

TaqMan assays are marked for research purposes only; however, they are used in clinical 

settings. The price is much lower for reagents marked for research purposes compared to in vitro 

diagnostic (IVD) reagents, but it does not necessarily mean that they perform worse. The use of IVD 

reagents in clinical laboratory settings requires strict adherence to manufacturers’ instructions starting 

from sample collection, recommended DNA isolation kits and equipment, and the use of a particular 

PCR analyser. Moreover, the manufacturers of IVD reagents restrict their liability by stating that 

results might be false positive or false negative. We chose to optimise the reaction protocol and verify 

the method ourselves. 

 

3.2.2. Characterisation of probes and primers used in our protocol 

 

TaqMan™ SNP Genotyping Assays employ TaqMan 5′ nuclease chemistry for amplifying and 

detecting specific SNP alleles, multi-nucleotide polymorphisms, and insertion/deletions. 

We used three TaqMan SNP Genotyping Assays (Table 7). TPMT *3A is 3B with 3C in one 

patient. All three SNP are in chromosome 6. All TaqMan Assays have a FAM or VIC reporter dye at 

the 5′ end of each probe and a nonfluorescent quencher at the 3′ end of each probe. The reporter 1 

(allele1) dye was always VIC and the reporter 2 (allele2) dye was always FAM. 
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Table 7. Information from TaqMan Assays Safety Data Sheet (SDS). 

 

 SNP Mutation type Probe 

TPMT *2 

(G238C) 

rs1800462 Mis-sense C_12091552_30 

Context 

Sequence 

and the 

targeted 

SNP in 

square 

brackets 

CCAACTACACTGTGTCCCCGGTCTG[C/G]AAACCTGCATAAAATCATACATTTA 

TPMT 

*3B 

(G460A) 

rs1800460 Mis-sense C_30634116_20 

Context 

Sequence 

and the 

targeted 

SNP in 

square 

brackets 

TCACCTGGATTGATGGCAACTAATG[T/C]TCCTCTATCCCAAATCATGTCAAAT 

TPMT 

*3C 

(A719G)  

rs1142345 Intergenic/unknown C-19567_20 

Context 

Sequence 

and 

targeted 

SNP in 

square 

brackets 

TCTCATTTACTTTTCTGTAAGTAGA[C/T]ATAACTTTTCAAAAAGACAGTCAAT 
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Cycling conditions and reaction setup for TaqMan Assays are described in Table 8. The 

genotyping experiments were performed according to the recommendations of Applied Biosystems 

described in manual TaqMan® SNP Genotyping Assays (Revision A.O) (TaqMan® SNP Genotyping 

Assays User Guide - Pub. no. MAN0009593 - Rev. A.0).  

 

Table 8. Recommended thermal cycling settings we used in our study. 

Step Temperature 

(oC) 

Duration Cycles 

Polymerase 

activation 

95 10 min HOLD 

Denaturation 95 15 s 40 

Annealing/Extension  60 1 min 

 

Table 9. Recommended preparation of reaction mix we used in our study at the beginning. 

Component Volume for 96-

well plate 

(µL) 

2x TaqMan 

Master Mix** 

12.5 

20x Assay  1.25 

DNA in nuclease-

free water* 

11.25 

Total volume per 

well 

25 

* Recommended amount of DNA is 1–20 ng per reaction. We added up to 100 ng DNA in the 

reaction mix without compromising allelic discrimination results. 

**We used 2x TaqMan Universal PCR Master Mix 

 

To reduce testing costs, we started with sets of experiments with lower reaction volumes than 

specified by the manufacturers and lower concentrations of TaqMan 20x Assays (probes and primers) 

compared to the recommended values. Specifically:  

1. Reaction mix volume was reduced to approximately 10 µL of total reaction volume. 

2. 20x Assay were diluted 1:10 with nuclease-free water. 

3. TaqMan Master Mix was substituted with Solis BioDyne HotFirePol Master Mix. 
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Each modification was introduced step-by-step by testing the same samples in different 

experiments or by parallel sample testing in reactions of varied volumes and probe concentrations on 

one reaction plate.  

While cost-reduction was a goal, we ensured that the orientation of VIC® -dye and/or FAM™ -

dye clusters in allelic discrimination plots remained distinct to distinguish wild-type alleles from 

polymorphisms (Figure 11).  

 

Figure 11. Typical allelic discrimination plot. Ideally, the points in each cluster are 

grouped closely together and each cluster is located well away from the other clusters. (Adapted 

from TaqMan® SNP Genotyping Assays User Guide - Pub. no. MAN0009593 - Rev. A.0) 

 

Allelic discrimination experiments were performed on an Applied Biosystems StepOnePlus 

instrument. qPCR reactions were set up in 0.1-mL tubes (consumables) designed for 96-well heating 

plate thermal cyclers. 
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3.2.3. The patented method of TPMT testing 

The optimised TPMT method was finalised with patent Nr. 15508 B1 (Method of detection of 

thiopurine methyltransferase polymorphisms) issued by the Patent Office of the Republic of Latvia on 

February 20, 2021. 

The patent describes the preparation of two reaction mixes and qPCR cycling conditions for testing 

TPMT *2, *3B, and *3C polymorphisms (Tables 10 and 11). Patented cycling conditions are described 

in Table 12. 

 

Table 10. First patented reaction mixes. 

Component Volume 

Master Mix (2x)* 5 µL 

TaqMan Assay 0.125 µL 

H2O  4 µL 

DNA 1 µL (3–100 ng) 

Total 10.125 µL 

*2x TaqMan Universal PCR Master Mix 

 

Table 11. Second patented reaction mixes. 

Component Volume 

Master Mix (5x)* 2 µL 

 

TaqMan Assay 0.125 µL 

H2O  7 µL 

DNA 1 µL (3–100 ng) 

Total 10.125 µL 

* Solis BioDyne 5x HOT FIREPol® Probe Universal qPCR Mix 

 

Table 12. Patented cycling conditions specified for both reaction mixes 

Step Temperature 

(°C) 

Duration 

Polymerase activation 95  10 min 

Denaturation 92  15 s 
40 cycles 

Annealing/Extension 60 60 s 
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3.2.3.1. Extraction and purification of DNA 

 

The IBD patient samples (244 samples) used in our study were obtained from the Genome 

Database of Latvian population (LGDB), a national biobank of Latvian Biomedical Research and 

Study Centre. LGDB uses the phenol-chloroform DNA extraction method to isolate genomic DNA 

from blood.  

Most blood samples came from Pauls Stradiņš Clinical University Hospital. DNA from the 

samples were extracted using Automated nucleic acid extraction system Maxwell 16 (Promega) that 

purifies samples using paramagnetic particles. Paramagnetic beads provide a mobile solid phase that 

optimises capture, washing and eluting the target material.  

DNA was isolated using Maxwell® 16 Blood DNA Purification Kit (Promega) for whole blood 

or buffy coat samples. We isolated DNA from 400 µL of blood samples collected in EDTA. Fresh 

blood samples were stored at 4 °C and processed within 7 days of the collection according to the 

Maxwell(R) 16 DNA Purification Kits Technical Manual. The automated system was user-friendly 

and isolated DNA in about 50 min. The concentration of DNA was determined using a Colibri 

spectrophotometer. 

 

3.2.3.2. Evaluation of the TPMT testing qPCR method 

 

Evaluation is a generic term used to describe the measurement of the performance capabilities 

of a system/test method. This is a process that compares different systems/test methods designed to 

perform the same or similar functions. There are no strict common standards to evaluate testing 

methods, and laboratories differ in ways of ensuring that their testing method is robust and precise. 

Normally, this is based on a comparison of test results with other methods, reference samples, clinical 

data, or results from other laboratories. Our laboratory participated in external quality assessment 

(EQA) and compared all qPCR positive testing results and several wild-type samples to alternative 

PCR methods. 

 

3.2.3.3. External Quality Assessment 

 

Verification under conditions may be demonstrated by participation in a performance testing 

program, provided that the tested material is representative of the method (C6795744 

(demarcheiso17025.com))  

In 2018, our laboratory participated in EQA of the reference laboratory Instand in Germany. 

The EQA was designed to verify the capacity of the laboratory to detect TPMT *2, TPMT *3B, and 

https://worldwide.promega.com/-/media/files/resources/protocols/technical-manuals/0/maxwell-16-dna-purification-kits-protocol.pdf?la=en
http://www.demarcheiso17025.com/document/Guidelines%20for%20the%20validation%20and%20verification%20of%20quantitative%20and%20qualitative%20test%20methods.pdf
http://www.demarcheiso17025.com/document/Guidelines%20for%20the%20validation%20and%20verification%20of%20quantitative%20and%20qualitative%20test%20methods.pdf
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TPMT *3C polymorphisms in clinical settings. We ordered three samples (Set 06 from group 775) and 

correctly identified two wild-type samples and one sample carrying 3B and 3C polymorphisms.  

3.2.4. Comparison with alternative PCR methods 

 

We checked and approved the TPMT *2, *3A, *3B, *3C polymorphisms found with allele-

specific PCR and restriction fragment length polymorphism (RFLP) methods with minor 

modifications. The modifications were applicable to the polymerase type, polymerase buffers, and 

restriction enzyme (restrictases) buffers used in our study. 

An allele-specific PCR was employed to analyse the TPMT *2 polymorphism, and a PCR- 

RFLP method for the detection of TPMT *3B and *3C variations.  

Nineteen patient samples previously tested with the qPCR method were checked with allele-

specific PCR and RFLP methods. One sample had TPMT *2 and one had TPMT *3B polymorphism, 

13 samples were positive for TPMT *3A and four were wild-type samples. There was full agreement 

between the qPCR and PCR/RFLP results.  

PCR samples were incubated in TProfessional Gradient thermocycler (Biometra) and PCR 

products were visualised in 1.5% agarose gel in TBE buffer. 

 

3.2.4.1. Detection of TPMT *2 

 

Several sets of experiments were performed to optimise the cycling temperature and MgCl2 

concentration in the reaction mix (Table 13 and 14). Primers were ordered from Metabion 

International AG and the primer sequences are described in a previous report (Ameyaw et al., 1999). 

Table 13. PCR cycles. 

Cycle step  Temperature  Time  Cycles   Recommended 

settings by Solis 

BioDyne  

  Our settings 

Initial 

activation   

95 °C  13 

min   

1  12–15 min   

Denaturation  95 °C  15 s     

31  

15–30 s   

Annealing  see below 40 s   30–60 s; 50–68 °C; 

26–35 cycles  

Elongation   72 °C  30 s   1–4 min   

Final elongati

on   

72 °C  5 min   1  5–10 min  
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Table 14. Adjusting the annealing temperature and MgCl2concentration in a 20-µL reaction mix. 

  Annealing t°   Volume of MgCl2 (10 mM) 

1  52   

 

1.2 µL 

 

 

 

1.6 µL  

 

 

 

2 µL 

 

2  53.5  

3  57.1  

4  61.0  

5  64.8   

6  67.6  

  

The highest yield of amplified DNA can be achieved by 0.8 mM MgCl2 concentration 

(1.6 µL MgCl2 in 20-µL reaction mix) at an annealing temperature range of 52–61 °C (Figure 12). 

 

 

Figure 12. TPMT *2 PCR products detected in agarose gel electrophoresis. The presence of 

TPMT *2 polymorphism resulted in the amplification of 254-bp fragments that are visible in the 

agarose gel under UV light. PCR conditions such as temperature and MgCl2 concentration affect 

the amount of PCR product and intensity of fluorescence emitted by the DNA dye (ethidium 

bromide). 
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Two forward primers, P2W (5′-GTA TGA TTT TAT GCA GGT TTG-3′) and P2M (5′-GTA 

TGA TTT TAT GCA GGT TTC-3′), were used with one reverse primer P2C (5′-TAA ATA GGA 

ACC ATC GGA CAC-3′) in wild-type-specific and mutant-specific reactions, respectively. The PCR 

products (254 bp) were analysed on a 1.5% agarose gel. Among six patient samples, one positive for 

TPMT *2 and five negative in qPCR were retested by the allele-specific PCR method. Each patient’s 

DNA was tested using two PCR reaction mixes that differed in forward primers, P2W or P2M. The 

patient previously tested positive has both wild-type and mutation-specific reaction products, 

indicating TPMT *2 polymorphism in one allele, the rest are wild-type samples. 

 

 

3.2.4.2. Detection of TPMT *3B and TPMT *3C 

 

Allele-specific PCR and RFLP were performed using a series of steps briefly outlined below: 

1. DNA extraction from blood and PCR to amplify the DNA fragment containing the variation of 

interest to the level required for RFLP analysis.  

2. Digestion of PCR fragments with specific restriction endonucleases (restrictases). Restrictases 

cleave PCR products specifically in the site of point mutation. For example, if point mutation is 

present in the sample, then the restrictase cleaves the DNA product into two fragments of a 

particular length. These fragments can be seen as two separate lines in gel electrophoresis. In 

contrast, wild-type DNA will not be cleaved and will be visualised as a single line. 

Heterozygous samples contain one allele with polymorphism and one wild-type allele, 

therefore two cleaved fragments and one full-length fragment will be visible in gel 

electrophoresis. The scenario described can work oppositely, particularly with TPMT *3 when 

the wild-type PCR product is cleaved in two fragments, but SNP destroys the cleavage site, 

resulting in an uncleaned PCR product. 

3. Digested and/or uncleaned DNS is transferred to agarose gel to separate the digestion products 

from each other.  

 

The PCR for the detection of TPMT *3B was performed using forward primer 5′-AGG CAG 

CTA GGG AAA AAG AAA GGT G-3′ identical to nucleotides 756–780 of intron 6 and reverse 

primer 5′-CAA GCC TTA TAG CCT TAC ACC CAG G-3′ reverse complement of nucleotides 1425–

1449 of intron 7. The cycling settings and reaction mix composition were adapted to the 

recommendations of the manufacturer of the polymerase used in our study (Tables 15 and 16). 
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Table 15. Reaction mix. 

Component Volume 

Master Mix 

(5x)* 

2 µL 

 

TaqMan Assay 0.125 µL 

H2O  7 µL 

DNA 1 µL (3–100 

ng) 

Total 10.125 µL 

* Solis BioDyne 5x HOT FIREPol® Probe Universal qPCR Mix 

 

Table 16. Cycling conditions  

Step Temperature (°C) Duration 

Polymerase activation 95 10 min 

Denaturation 92 15 s 
40 cycles 

Annealing/Extension 60 60 s 

 

 

This was followed by digestion of a 694-bp PCR product with restriction enzyme HpyF10VI 

(MwoI) (Thermo Scientific) for 1 h at 60 °C. Digested products were separated on a 1.5% agarose 

gel. MwoI digestion of wild-type DNA yielded fragments of 443 and 251 bp. The TPMT *3B SNP 

destroys the restriction site and MwoI digestion yielded an uncleaned fragment of 694 bp (Figure 13). 

 

 

 

  
  

             *3A *3A   N  *3A *3A  *3A *3C *3A *3A *3A *3A  *2  *3A *3A *3A   N     N    N     N 

 

Figure 13. TPMT *3B detection in the PCR-RFLP-based assay followed by agarose gel 

electrophoresis. Lane L, 100-bp DNA ladder; lanes 1–19, patient samples. Long, uncleaned PCR 

L       1      2       3        4        5        6      7       8       9       10     11     12     13     14     15      16      17      18     19 

bp 

100   GA   GA    GG   GA    GA    GA   GA    GA   GA    GA    GA   GG   GA    GA   GA   GG    GG   GG  GG 

bp 

443 bp 

694 bp 

251 bp 
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product of 694 bp is characteristic of the mutant gene (lanes 1, 2, 4–11 and 13–-15); two cleavage 

products of 443 and 251 bp are produced by restrictase in the wild-type gene. Three bands of 

694, 443 and 251 bp indicate that one allele is mutant and another is wild-type in mutant samples 

1, 2, 5–11 and 13–15. Samples 3, 12 and 16–19 are wild-type, sample 12 contains TPMT *2 

mutation that is irrelevant to TPMT *3B, and sample 4 shows a weaker fluorescent band. 

For the TPMT *3C mutation (A719G mutation), the PCR assay was performed using 0.27 µM 

each of primers P719Fb (5′-GAG ACA GAG TTT CAC CAT CTT GG-3′), identical to nucleotides 

401–423 in intron 9, and P719R (5′-CAG GCT TTA GCA TAA TTT TCA ATT CCT C-3′), the 

reverse complement of nucleotides 746–773 in exon 10 and buffer I (Invitrogen).  

The PCR product was digested with restriction enzyme Xmil (AccI) (Thermo Scientific) 

overnight at 37 °C and then separated on a 1.5% agarose gel. The TPMT *3C variation introduced 

an AccI restriction site in the amplified fragment (373 bp), yielding fragments of 283 and 90 bp. Wild-

type alleles were identified by uncleaned 373-bp fragments (Figure 14). 

 

 

  
 

  

 

Figure 14. TPMT *3C detection by PCR-RFLP. Lane L represents 100-bp DNA ladder, lanes 1–

19 represent patient samples that were previously tested positive for TPMT polymorphisms by 

the qPCR method (*3A, *3C or *2 in the box under the figure) and five negative samples (N). All 

samples have uncleaned 373-bp fragments characteristic for one or two wild-type alleles. 

Cleaved fragments of 283 bp and 90 bp in lanes 1, 2, 3–11 and 13–15 indicate TPMT *3C 

polymorphism in one allele. Therefore, all TPMT *3C mutants are heterozygous. 

L      1        2        3       4       5        6       7       8        9      10      11      12     13    14     15      16      17      18      19 

bp 

100  AG     AG     AA    AG   AG    AG   AG    AG    AG   AG   AG    AA    AG   AG    AG    AA   AA   AA   AA 

bp 

       *3A  *3A    N  *3A  *3A *3A *3C *3A*3A *3A*3A   *2   *3A *3A *3A   N     N     N    N        

N 

bp 

373 bp 

283 bp 

90 bp 
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3.3. TPMT phenotyping (Second study) 

 

All 20 respondents included in the study had histological diagnosis of IBD (UC in 70%, n = 14; 

CD in 30%, n = 6).  

All patients had moderate to severe disease activity according to Mayo score in UC patients 

and CDAI in CD patients. 50% of respondents (n = 10) were diagnosed with IBD more than 10 years 

ago (Figure 15). UC was diagnosed in eight men and six women; CD was more diagnosed in five 

women and only one man.  

 

 

 

Figure 15. The distribution of respondents first diagnosed with IBD. 

 

 

Summarising information on the usage of medications, 45% of respondents (n = 9) used an oral 

form of mesalazine and 40% (n = 8) used a combination of mesalazine in oral and suppository forms. 

75% of respondents (n = 15) had never used AZA, 15% (n = 3) used it but stopped taking it due to side 

effects, and 10% (n = 2) were using AZA during the study (Figure 16). 
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Figure 16. Division of respondents by azathioprine use. 

 

 

Patients who discontinued due to adverse reactions reported side effects such as gastrointestinal 

symptoms and leukopenia. Patient’s TPMT expression ranged from 1.4–50 U/mL. All respondents 

were divided by TPMT enzyme activity: 10% (n = 2) of patients had low (<5.5 U/mL) TPMT activity, 

5% (n = 1) of patient had intermediate (5.6–15.5 U/mL) activity, 70% (n = 14) of patients normal 

(15.6–44.0 U/mL) and 15% (n = 3) of patients high (>44.0 U/mL) TPMT activity (Figure 17). 

 

 

 

Figure 17. TPMT enzyme activity in IBD patients. 
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3.4. IBD malnutrition (Third study)  

 

3.4.1. Patient study group 

 

 Among the 48 IBD patients included in the analysis, 52% (n = 25) had UC patients and 48% (n 

= 23) had CD. Disease activity was measured by the Mayo score for UC patients, with a median score 

of 4 (IQR: 1.0–6.25) and CDAI was used for CD patients, with a median result of 128 (IQR: 56.0–

207.0). Of the IBD patients, 48% (n = 23) had low activity (CDAI score of <150 for CD or Mayo <4 

for UC) and 52% (n = 25) had high activity (CDAI >150 for CD or Mayo >4 for UC). For IBD 

patients, the median age was 36.5 (IQR: 28.5–51.5). The median age for the control group was 32.0 

years (IQR: 26.0–41.8), and although there was a noticeable age gap compared to the patient group, 

pair-matched analysis using the Kruskal–Wallis test did not show any statistically significant 

difference between these two groups (p = 0.198). Characteristics of the study group are summarised in 

Table 17. 

 

Table 17. Description of the study group. 

 Patients (n = 48) Percent 

Diagnosis  
UC 25 52% 

CD 23 48% 

Clinical 

activity  

Asymptomatic 21 44% 

Mild 15 31% 

Moderate 11 23% 

Severe to Fulminant 1 2% 

Sex 
Female 19 40% 

Male 29 60% 

Smoker 
Yes 8 17% 

No 40 83% 

Alcohol 

consumption 

No 23 48% 

Once a week 6 13% 

Once a month 13 27% 

Less than once a month 6 13% 
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Table 18 shows the assessment of general laboratory variables. Patients had several 

micronutrient deficits, but no statistical relationship with the screening tools was identified. 

Nonetheless, patients who appeared to be in clinical remission and with no signs of undernutrition 

could still harbour micronutrient deficits.  

 

Table 18. Comparison of laboratory tests results of low and high IBD activity groups. 

  Low activity group High activity group 

Parameter 
Patients  

(n = 23) 
Percent % 

Patients 

 (n = 25) 
Percent % 

CRP (>5 mg/L) 4 17.4 19 76 

Albumin (<35 g/L) 6 26.1 5 20 

RBC (Male <4.5 × 109/L; 

Female <4.2 × 109/L) 
9 39.1 14 56 

HTC (<40%) 14 60.9 15 60 

HGB (M <130 g/L; F <120 

g/L) 
13 56.5 10 40 

WBC count (>10 × 1012/L) 4 17.4 5 20 

Platelet count (>400 × 

109/L) 
5 21.7 5 20 

Creatinine  

(<62 μmol/L) 
8 34.8 7 28 

Creatinine  

(>115 μmol/L) 
1 4.3 1 4 

Glucose (>6 mmol/L) 1 4.3 2 8 

Ferritin (<22 ng/mL) 8 34.8 7 28 

 

CRP, C-reactive protein; RBC, red blood cells; M, male; F, female; HTC, haematocrit; HGB, 

haemoglobin; WBC, white blood cells 
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3.4.2. Nutritional screening  

 

 Of the patients screened by NRS2002, 31% (n = 15) were revealed to be at high nutritional 

risk, 25% (n = 12) were at medium risk, and 44% (n = 21) were at low risk. The MUST scores were 

nearly inversely proportional for the high- and medium-risk groups: 40% (n = 19) of patients had a 

high-risk score of malnutrition, while 19% (n = 9) had a medium-risk score (Table 19). 

 

Table 19. Comparison of risk groups according to the NRS2002 and MUST scores 

Risk group NRS2002 MUST 

High-risk 31% (n = 15) 40% (n = 19) 

Medium-risk 25% (n = 12) 19% (n = 9) 

Low-risk  44% (n = 21) 42% (n = 20) 

 

Despite these differences in the high- and medium-risk groups, we observed a strong positive 

correlation between both screening tools NRS2002 and MUST (Spearman’s correlation coefficient, 

rho = 0.85; p <0.001) (Figure 18).  

 

 

 

 

 

 

 

 

 

 

 

Figure 18. Spearman’s correlation of MUST and NRS2002. 

 

Previous studies have reported that disease activity significantly affects the nutritional status of 

patients; an increase in the activity index increases the risk of malnutrition. We observed a moderate 

positive correlation between the NRS2002 results and the disease activity index (Spearman’s 

correlation coefficient, rho = 0.577; p <0.001), but only a weak positive correlation between MUST 
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scores and the disease activity index (Spearman’s correlation coefficient, rho = 0.429; p <0.001) 

(Table 20).  

 

Table 20. Spearman’s correlation of activity index: NRS2002 vs MUST. 

 NRS2002 MUST 

Activity index rho 0.577 0.429 

 p-value  <0.001 <0.001 

NRS2002 rho  0.830 

 p-value  <0.001 

  

 

We further evaluated whether there were significant differences between the risk of 

undernutrition and disease activity. A pair-matched analysis revealed a significant difference among 

patients in clinical remission and patients with moderate (NRS2002 p = 0.001; MUST p = 0.026, 

Kruskal–Wallis test) or severe disease activity (NRS2002 p = 0.023; MUST p = 0.038, Kruskal–Wallis 

test). In Figure 19, extreme values are shown, which indicate that patients were in clinical remission, 

but were still at risk of undernutrition. This reveals the importance of regular screening even if the 

patient’s disease activity is not high. Differences in scores might be due to gradual weight loss as 

MUST evaluates weight changes over a 3–6-month period.  

 

 

Figure 19. Screening tool results according to disease activity. Kruskal–Wallis test results are 

displayed in a box chart.  
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Patients at risk for malnutrition were evaluated twice using both screening tools (NRS2002 and 

MUST) to estimate the reduction in undernutrition risk, after receiving clinical feeding. Statistical 

analysis showed a reduction in malnutrition screening scores under clinical feeding (related sample 

Wilcoxon test, p = 0.020). However, we should consider that patients also received treatment to reduce 

their disease activity, which would reduce the points scored using the screening tools. 

Clinical nutrition was administered to 18 patients; 17 patients were prescribed enteral oral 

feeding and one patient received central venous feeding. Additionally, four oral feedings patients 

received parenteral peripheral feeding. 

 The NRS2002 was used to screen 17 patients in the high-risk group; 88% (n = 15) received 

clinical feeding and 12% (n = 2) did not. A slightly lower percentage of patients (86% (n = 18)) 

received feeding of the 21 patients who were in the high-risk group based on the MUST score. 

Additional information on the nutritional status of the groups is presented in Table 21. 

 

Table 21. Additional nutrition 

Nutritional 

supplement 

Contains one unit Patients received 

Nutridrink  

 

2.4 kcal/mL, 125 mL (bottle); 

Fat: 11.6 g 

OGH: 37.1 g  

Protein: 12 g 

- 57% (n = 8) 4 bottles/day 

- 28% (n = 4) 3 bottles/day 

- 14.2% (n = 2) 2 bottles/day 

Cubitan 1.25 kcal/mL, 200 mL 

(bottle) 

Fat: 7.0 g  

OGH: 29 g 

Protein: 17.6 g 

- (n = 1) 3 bottles/day 

- (n = 2) 2 bottles/day 

Protifar 8 kcal, 1 spoon 

Fat 1.6 g 

OGH, <1.6 g 

- 50% (n = 9) 3 spoons/ day 

Kabiven 1448 mL, 1000 kcal,  

Amino acids: 456 mL,  

Dextrose 788 mL 13%  

Lipids 204 mL 

- 22.2% (n = 4) 
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3.4.3. Bioelectrical impedance analysis 

 

Figure 20 reveals that most patients had normal BMI values, although imbalanced body 

compositions with changes in percent body fat (PBF) and SLM were observed in a large proportion of 

patients. This indicates that even if patients have BMI within normal values, there is still a high chance 

that they have imbalances in body composition. Therefore, it is important that the lean mass and PBF 

of patients are evaluated. 

 

 

 

Figure 20. Differences in BIA among the patient group 

 

 

Figure 21 demonstrates the changes in muscle mass from normal values. Most CD patients 

presented a reduction in muscle mass, which is in contrast with the greater part of UC patients that 

retained their normal muscle mass or presented an increase in muscle mass. While CD patients with 

high, low, and medium disease activity, presented decreases in muscle mass, patients were more prone 

to reduction in muscle mass when disease activity is high. Only a few individuals of the control group 

(8%; n = 4) had muscle mass under the normal values.  
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Figure 21. Differences in muscle mass among patients in the sample. 

 

 

To assess the relationship between screening tools and BIA, a correlation analysis was used. In 

Table 22 the correlation of BIA values and the results assessed by MUST and NRS2002 are shown. A 

weak negative correlation between BIA results (including patient weight, BMI, and % visceral fat) and 

MUST score was found. The NRS2002 Screening tool did not show any significant relationship with 

BIA analysis (p >0.50). 

 

Table 22. Comparison of BIA values and malnutrition screening scores (NRS2002, MUST). 

 

        BIA  

Scale 

Weight SLM BMI Visceral fat 

rho p rho p rho p rho p 

NRS2002 -0.133 >0.050 -0.083 >0.050 -0.184 >0.050 -0.198 >0.050 

MUST  -0.305 0.003 -0.224 0.019 -0.329 <0.001 -0.351 <0.001 

Spearman’s correlation coefficient was used for the analysis 

BIA, bioelectrical impedance analysis; BMI, body mass index; SLM, soft lean mass 

 

Data obtained by BIA was compared to the control group. Statistically significant differences 

were observed in BMI, %visceral fat, body fat (kg), and hip-waist ratio. Other values also showed 

differences, but these were not statistically significant.  

Analysis of body composition demonstrated considerably lower BMI values (p = 0.014) and % 

visceral fat mass (p = 0.003) in CD patients than in the control. Patients with UC did not show any 

statistically significant reduction of values compared to the control group. In contrast, patients with UC 

showed higher FM in kg (p = 0.046) and increased waist-hip ratio (p = 0.011).  
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Table 23. Comparison of parameters between the study groups and the control group 

 UC CD Control p-value 

One-way ANOVA  

 Mean  SD  

Weight 75.8  15.1 68.7  14.8 73.5  13.9 
0.232 

 

PBF (%) 24.1  9.9 21.3  7.5 21.8  9.9 
0.355 

 

Muscle mass 

deviation from 

normal 

1.58  4.4 0.6  3.1 2.9  4.6 
0.143 

 

Fat deviation 

from normal 
4.8  9.2 1.3  6.8 1.8  5.0 

0.122 

 

Kruskal–Wallis test 

 Median (IQR)  

Muscle mass 53.2 (44.0–60.8) 49.6 (41.1–57.3) 55.8 (42.9–61.4) 0.425 

Proteins 41.7 (34.4–47.2) 38.7 (32.2–44.4) 12.5 (9.6–13.8) <0.001 

Minerals 4.30 (3.8–5.0) 3.8 (3.4–4.7) 4.3 (3.6–4.7) 0.212 

TBW 41.7 (34.4–47.2) 
38.7 (32.20–

44.35) 
43.1 (33.4–47.4) 0.454 

Basal metabolism 
1469.5 (1240.8–

1643.0) 

1503.0 (1196.00–

1607.0) 

1518.5 (1266.5–

1711.8) 
0.407 

Weight deviation 

from normal 
8.1 (-1.1–19.7) 4.1 (-8.4–6.3) 4.2 (-1.2–12.2) 0.102 

Mann-Witney U test, pair-matched analysis  

 Median (IQR)  

WHR 0.9 (0.8–0.9)  0.8 (0.7–0.8) 0.011 

TBF (kg) 17.8 (12.3–25.9)  14.5 (11.2–18.6) 0.046 

BMI  23.4 (19.2–23.3) 21.1 (21.5–25.8) 0.041 

Visceral fat %  -4.0 (-12.1–5.6) 7.9 (-0.9–18.2) 0.014 
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High and low disease activity showed significant differences across nutritional screening scales 

(Table 24). Patients with a high activity index had a noticeably increased risk for malnutrition, taking 

into consideration not only disease activity but also increased weight loss and loss of appetite.  

 

Table 24. Comparison of high- and low-disease activity groups 

 

Score High activity Low activity P value 

NRS2002 0.30 (2.00–4.00) 0.00 (0.00–2.00) 0.007 

MUST 2.00 (1.00–3.00) 0.00 (0.00–1.00) <0.001 

 

 



61 

DISCUSSION 

 

The frequency of IBD is increasing and the diagnosis and treatment of IBD patients is a 

problem in Latvia and worldwide. Early diagnosis and personalised treatment are vital for IBD patients 

to improve their quality of life, reduce the risks of disability and oncology, and reduce the risk of 

treatment complications. In Latvia, the rapid spread of IBD is a concern for health care professionals 

and the public, as this diagnosis is increasingly common for younger patients of working age. In our 

study, almost half of the IBD patients were over 40 years of age. This means that in the future, the 

country will have an ageing population of IBD patients with complicated comorbidities and an 

increased risk of thiopurine side effects. 

To assess the toxicity of thiopurine drugs and to select the optimal dose, TPMT enzyme activity 

should be assessed by identifying the most common polymorphisms affecting TPMT activity in all 

patients receiving thiopurine therapy. Past studies have recommended that the TPMT status of patients 

should be determined prior to the commencement of thiopurine therapy (Benmassaoud et al., 2016; Liu 

et al., 2015; Lennard, 2014; Liu et al., 2016; Coelho et al., 2016). This can be achieved by one of two 

methods: 1) by determining the TPMT phenotype by estimating TPMT enzyme activity in the 

circulating red blood cells, or 2) through genotyping of known TPMT variants associated with enzyme 

deficiency using PCR (Liu et al., 2016; Coelho et al., 2016; Goel et al., 2016). The activity of the 

TPMT enzyme is mainly related to rs1800462, rs1800460, and rs1142345 SNPs, which are inherited 

co-dominantly (Lennard, 2014; Asadov et al., 2017). In terms of AZA toxicity, large inter-individual 

differences are observed due to the genetic heterogeneity of the TPMT gene, which has more than 40 

reported allelic variants (Coelho et al., 2016; Dean, 2012). Nevertheless, three main patterns of TPMT 

enzyme activity can generally be distinguished: 1) homozygous patients with two mutant non-

functional TPMT gene alleles and low TPMT activity, 2) heterozygous individuals with one functional 

and one non-functional allele and intermediate TPMT activity, and 3) homozygous wild-type (normal) 

individuals with two functional alleles and normal or high TPMT activity (Lennard, 2014; Asadov et 

al., 2017; Dean, 2012; Chouchana et al., 2014). 

Approximately 40 TPMT gene polymorphism variants associated with decreased TPMT 

activity have been described in the literature. However, only the four most common alleles, TPMT * 2, 

TPMT * 3A, TPMT * 3B and TPMT * 3C, are used for most genotyping tests (Asadov et al., 2017; 

Dean, 2012). Although known TPMT alleles tend to vary among different ethnic groups, four specific 

non-functional alleles have been identified as being more prevalent across ethnic groups, namely, 

TPMT * 2, TPMT * 3A, TPMT * 3B, and TPMT * 3C. It is believed that these alleles account for 

between 80% and 95% of observed decreases in TPMT enzyme activity. Accordingly, these four 

alleles tend to be routinely targeted in most of the genotyping assays (Skrzypczak-Zielinska, 2016; 

Asadov et al., 2017; Dean, 2012). In general, the most frequently encountered allele in all populations 
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is TPMT * 3A, followed by TPMT * 3C (Carvalho et al., 2014; Fangbin et al., 2016; Lennard, 2014), 

which is consistent with the findings of the present study. To our knowledge, this study is the first to 

identify TPMT gene polymorphisms in adult IBD patients in Latvia. 

The most common TPMT genotype in Caucasian populations is the homozygous, wild-type 

TPMT gene. Several studies have shown that 85–95% of patients have a wild-type genotype (93.9% in 

this study). In most populations, approximately 10% of individuals are heterozygotes and a further 

0.3% carry homozygous variants of the non-functional TPMT alleles (Asadov et al., 2017; Dean, 2012; 

Broekman et al., 2017; Gonzalez-Lama and Gisbert, 2016). In the present study, none of the 

participating patients was identified as being homozygous for any mutation. TPMT genotyping has 

been demonstrated to show high sensitivity (Almoguera et al., 2014; Gonzalez-Lama and Gisbert, 

2016), with reported sensitivities and specificities of 88.9% (81.6–97.5%) and 99.2% (98.4–99.9%), 

respectively. Comparatively, the approximate sensitivity and specificity of TPMT phenotyping are 

91.3% (86.4–95.5%) and 92.6% (86.5–96.6%), respectively (Goel et al., 2016). 

In our study, 9% of IBD patients were undergoing thiopurine therapy at the time of their 

inclusion. This percentage does not include patients who had used thiopurines previously but had since 

stopped. Indeed, most patients included in the study had not yet started thiopurine treatment. 

In 2015, the US FDA issued guidelines for TPMT testing prior to thiopurine therapy due to the 

increased risk of toxicity and high treatment costs. TPMT analysis can be performed by determining 

TPMT enzyme activity or by genotyping and allows doctors to identify an optimised starting dose of 

thiopurines, as well as alternative therapies in case of thiopurine toxicity. One major advantage of 

TPMT genotyping is that polymorphisms can be detected both before and during thiopurine therapy. 

While TPMT enzyme activity can be affected by many external factors, such as previous 

haemotransfusions, other drug therapies, and drug interactions, genotyping is not affected by these 

factors as DNA is much more stable. The disadvantage of TPMT genotyping is that this method cannot 

identify patients with elevated TPMT enzyme activity. According to the literature, increased TPMT 

enzyme activity, which can be determined by liquid chromatography, may increase the risk of 

developing hepatotoxicity (Ribaldone et al., 2019; Coenen et al., 2015). 

With regard to the cost-effectiveness of genotype-led treatment, recent data published by 

Sluiter et al. (2019) showed that genotype-guided thiopurine treatment in IBD patients reduced the risk 

of adverse drug reaction (ADR) among patients carrying a TPMT variant, without increasing overall 

healthcare costs and impacting the quality of life compared to standard treatment. 

The Clinical Pharmacogenetics Implementation Consortium (CPIC) published 

recommendations for AZA dosing based on TPMT genotyping results on AZA use, stressing the need 

to consider a dose reduction of AZA or other classes of drug treatment in patients with low or 

insufficient TPMT activity (Sluiter et al., 2019). 
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In patients with two functionally active TPMT alleles, the activity of the TPMT enzyme is in 

most cases normal or high. For these patients, the CPIC recommends initiating AZA therapy at a 

normal dosage and thereafter adjusting the dose based on disease-specific guidelines. In heterozygous 

patients, TPMT enzyme activity is moderate, and these patients are at an increased risk of AZA-

induced myelosuppression, depending on the dose. Accordingly, the CPIC recommends that for 

heterozygous patients, AZA treatment should be initiated at 30–70% of the target dose and to titrate 

the dose based on tolerance. For homozygous patients with two non-functional TPMT alleles and 

consequently low TPMT enzyme activity, the use of alternative treatment is suggested (Frei et al., 

2013; Dean, 2012) Interestingly, in this regard, a previous study that sought to determine a safe dosage 

of AZA in patients with intermediate or low TPMT enzyme activity, found that TPMT genotyping 

could facilitate a reduction in adverse haematological effects of up to 89% (Freuerstein et al., 2017).  

Given that TMPT can vary quite extensively depending on age, sex, ethnicity, red blood cell 

lifespan, red blood cell transfusion, leukaemia, and treatment-related factors, these factors should be 

considered when interpreting TPMT activity analysis (Asadov et al., 2017; Chouchana et al., 2014). In 

addition, assessments of TPMT activity may require repeated estimations, as treatment with AZA can 

induce an increase in TPMT activity. Similarly, other medications, such as 5-aminosalicylates, can 

reversibly inhibit TPMT activity (De Boer et al., 2007; Glissen et al., 2005). Therefore, TPMT 

genotyping is considered a more precise and reliable method (Frei et al., 2013). Typically, the overall 

concordance between TPMT genotypes and phenotypes is 90–95%, although some studies have 

reported genotype–phenotype concordance values of approximately 60–70% in patients with low 

TPMT activity, whereas those for heterozygous patients are approximately 70–86% (Lennard, 2014; 

Asadov et al., 2017). 

However, even though the identification of TPMT genotypes and/or phenotypes can contribute 

to identifying patients with a higher risk of developing bone marrow toxicity, additional therapeutic 

drug monitoring is advised for patients receiving AZA therapy (Yarur et al., 2014). Some authors 

recommend monitoring complete blood counts (CBC) and (platelet counts) PC using routine 

laboratory tests at weekly intervals during the first month of AZA treatment, followed by twice-

monthly monitoring during the second and third months, and monthly checks thereafter. Furthermore, 

liver function tests should be performed at 3-month intervals (Goel et al, 2015). If, however, signs of 

myelosuppression develop, AZA therapy should be immediately discontinued.  

A recent publication by Ribaldone et al. (2019) titled ‘Correlation between Thiopurine S-

Methyltransferase Genotype and Adverse Events in Inflammatory Bowel Disease Patients’ Medicina 

(Kaunas), described a meta-analysis investigating the associations between TPMT polymorphisms and 

AZA-induced adverse events in patients with autoimmune diseases. The results showed that TPMT 

polymorphisms were significantly associated with AZA-induced adverse effects, bone marrow 

toxicity, and gastric intolerance. However, the subgroup analysis according to ethnicity showed a 
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significant association between TPMT polymorphisms and AZA-induced bone marrow toxicity in 

Asian populations, but not in Caucasian populations. The authors concluded that TPMT 

polymorphisms can explain a variable proportion, but not all, of AZA-related adverse events, and a 

normal TPMT genotype cannot exclude the development of side effects (Ribaldone et al., 2019). Thus, 

TPMT genotyping before starting AZA therapy cannot completely replace the current practice of 

periodic monitoring of white blood cell count. However, this is a challenge that requires additional 

future research, particularly as some severe toxicities leading to life-threatening conditions remain 

unexplained.  

It is important to note that the randomised controlled trial conducted by Coenen et al. (2015) 

showed that pretreatment TPMT genotyping is relevant for both heterozygous and homozygous 

carriers of genetic variants in TPMT (Coenen et al., 2015). The results of the trial showed no overall 

effect of pretreatment TPMT screening followed by personalised dosing on hematologic ADRs. 

However, in combination with other literature, this study showed that pretreatment TPMT screening 

followed by personalised dosing reduced the risk of leukopenia in patients carrying a genetic variant in 

TPMT and recommended that pharmacogenetic TPMT testing should be used as standard care to 

individualise the thiopurine treatment of IBD patients (Coenen et al., 2015) Thiopurines remain very 

effective in inducing and maintaining long term remission in up to 70% of patients with IBD, and it is 

important to remember that patients with allelic variants should not be denied the therapeutic option of 

AZA, as they may tolerate this drug (Ribaldone et al., 2019). 

In our study, 98% of patients with TPMT polymorphisms were European. The frequency of 

mutant alleles varies in different ethnic groups is known, but in general, the most common allele 

globally is TPMT * 3A, followed by TPMT * 3C (Almoguera et al., 2014; Carvalho et al., 2014; 

Fangbin et al., 2016). In our study, we obtained similar data, with the most common allele in IBD 

patients being TPMT * 3A, followed by TPMT * 3C and TPMT * 2 with equal frequency. There is 

evidence in the literature that the TPMT * 3B allele is present in up to 1% of people, but this allele was 

not observed in our study. 

The most common TPMT genotype is the homozygous wild-type TPMT gene, which is 

associated with normal TPMT enzyme activity. Several studies have shown that around 85–95% of 

people have two functioning alleles. This agrees with the prevalence in our study of 93.9%. Patients 

with this genotype can start taking thiopurines at standard doses, but can still experience thiopurine 

side effects due to other factors. Therefore, if thiopurines are used, blood tests, and possibly 

metabolites of thiopurines, should be monitored (Asadov et al., 2017; Dean, 2012), 

Approximately 10% of people are heterozygous for the TPMT genotype (6.1% of patients in 

our study), and theoretically, have reduced TPMT enzyme activity and are at increased risk of side 

effects from treatment with thiopurines (Almoguera et al., 2014). In our study, no patients had a 

homozygous variant for any of the mutations tested, whereas the literature estimates that 0.3% of the 
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population have a homozygous variant of non-functional TPMT alleles (Asadov et al., 2017; Dean, 

2012; Broekman et al., 2017; Gonzalez-Lama and Gisbert, 2016). 

According to the literature, approximately 10–20% of IBD patients who receive AZA therapy 

discontinue treatment either because they develop adverse reactions or the treatment is ineffective (Liu 

et al., 2015; Ardizzone et al., 2004). The most common complications of AZA are AST disorders, 

hepatotoxicity, infections, and myelosuppression (Kim and Choe, 2013; Benmassaoud et al., 2016; 

Frei et al., 2013). However, the meta-analysis of Liu et al. (2015) concluded that the genetic 

polymorphism of TPMT is more associated with myelosuppression and KTT disorders. In our study, 

of the 6.1% (n = 15) of patients with TPMT polymorphisms, two of them had a history of AZA 

adverse events such as myelosuppression. 

Almost half 43% (n = 105) of the patients in our study were smokers in their lifetime and 15% 

(n = 37) were current smokers, with a mean smoking duration of 14 years. The effects of smoking on 

the pathogenesis and recurrence of IBD are well known, but the effects of smoking on the metabolism 

of thiopurine drugs have been less studied. A retrospective study by Domenech et al. (2011) found that 

while active smoking did not affect the efficacy of thiopurines, active smokers were more likely to 

experience thiopurine side effects. Shi et al. (2015) found that active smoking and reduced TPMT 

enzyme activity were associated with higher levels of 6-TGN metabolites (Shi et al., 2015). This 

suggests that the interaction between smoking and thiopurine metabolism is still unclear and should be 

considered in patients prescribed thiopurine therapy. 

From analysing the IBD patients in our study, we obtained a statistically reliable result that IBD 

patients remain more physically inactive after diagnosis than before the onset of the disease. Similar 

results have been found in previous studies. Gatt et al. (2019) found that patients were significantly 

less physically active after the diagnosis of IBD, and this was more common in CD patients (Gatt et 

al., 2019). A personalised approach and better control of disease activity would be needed to help 

address patients' lower physical activity and loss of quality of life. 

No previous studies have been performed in Latvia to determine the frequency of TPMT gene 

polymorphisms in the population, as well as among IBD patients specifically. This study is the first in 

Latvia to identify TPMT gene polymorphisms in adults diagnosed with IBD. In the future, TPMT 

status should be determined in clinical practice in IBD patients who need to start thiopurines treatment 

to avoid serious and life-threatening complications, as well as to predict the effectiveness of treatment. 

Malnutrition can be subdivided into several subtypes, depending on the causative factor. Due to 

the many possible causes, there is a wide definition of malnutrition and undernutrition, making it 

complicated to determine a diagnosis (Cederholm et al., 2017). As it is important to establish an 

accurate nutritional status for patients, numerous nutritional screening tools have been developed; 

however, none is considered the gold standard for nutritional assessment (Ghishan and Kiela, 2017). 

Both screening tools used in this study (NRS2002 and MUST) are recommended by EPSEN guidelines 
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(Kondrup, 2002). There was strong agreement between both tools in terms of evaluating the nutritional 

status of the patients. This is similar to the findings of Raupp et al. (2018). Nutritional assessment was 

performed 48 h after admission to the hospital using NRS2002 and MUST. Both results were 

compared to a subjective global assessment (SGA) and presented a good agreement in nutritional 

status evaluation (Raupp et al., 2018). However, NRS2002 is more specific due to scaling disease 

activity, while MUST establishes patients with severe disease by defining them as ‘high nutritional 

risk’; therefore, it may overestimate nutritional risk. Another possible reason for higher scores 

obtained by MUST is that this scale evaluates patients over a longer period. Thus, if weight loss is 

gradual, for example, the patient showed a weight loss of over 5% over the previous 3 months, no 

points will be given by NRS2002. Indeed, in our study, two patients lost weight over a longer period 

and received points by the MUST scale but not NRS2002.  

A previous study by Valentini et al. (2008) evaluated the nutritional status of IBD patients. 

They found that patients in remission who seemed well-nourished by screening tools tended to have 

reduced body cell mass, reduced handgrip strength, and micronutrient deficits. Their results indicated 

that nutritional deficit occurs in the same ratio for UC and CD patients, in contrast to our data which 

showed that CD patients were slightly more affected (Valentini et al., 2008). Several studies agree with 

the present findings that CD patients are at a higher nutritional risk than UC patients, even among 

those in clinical remission (Ghishan and Kiela, 2017; Jahnsen, 2003; Ananthakrishnan et al., 2012). 

This might be explained by the involvement of the small bowel, which leads to impaired absorptive 

function and loss of nutrients due to fistulas (Rocha et al., 2008). Chronic inflammatory processes and 

lack of physical activity stimulate muscle deterioration, leading to sarcopenia (Cederholm, 2017). In 

our study, patients had several micronutrient deficits, but no statistical relationship with screening 

tools was found. Patients who appear to be in clinical remission and without signs of undernutrition 

may still have micronutrient deficits.  

Patients with UC showed better body composition parameters than CD patients. Sarcopenia in 

UC patients is more dependent on disease activity, where the change in muscle mass correlates with an 

increase in the Mayo score. Patients in remission show better body composition values, as did UC 

patients after colectomy (Zhang et al., 2017). 

 Most patients had a BMI within normal values, however, in many cases, a disproportion of 

body composition was observed. The latter highlights the need for a closer investigation of the 

patient’s nutritional status, rather than relying solely on BMI. It has been reported that BMI correlates 

with the FMI, therefore BMI is better at predicting body fat mass than muscle mass (Bryant et al., 

2013). 

Not all patients screened to be at nutritional risk received clinical feeding. This was determined 

at the physician’s discretion, as some patients who were able to eat nutritionally rich food and whose 

disease activity was controlled adequately with medical therapy were not deemed to require additional 
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feeding. Patients who received nutritional support without being in a high-risk group were previously 

identified as ‘nutritionally at risk’; thus, they continued to receive nutritional support as a part of 

treatment. Nutritional management should be defined depending on the patient’s nutritional status, and 

considering the requirements of energy and nutrients, appropriate route of administration to adequately 

set goals, and duration of treatment to achieve them (Cederholm, 2017). 

The BIA showed a statistically significant correlation with the MUST scale and more 

significant changes in body composition were observed in CD patients. Among patients with normal 

BMIs, imbalances in body composition can be observed, stressing the importance of broader body 

composition analysis.  
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CONCLUSIONS 

 

1. Our results showed that the frequencies of common TPMT alleles in the Latvia IBD population 

were different (similar to other European populations). In this study, the homozygous wild-type 

TPMT *1/*1 genotype was the most frequent genotype in UC and CD patients and TPMT * 3A 

was the most prevalent polymorphism. Further, TPMT * 3B polymorphism and homozygous 

variant TPMT genotypes were absent in our study population. 

2. A majority of patients had normal TPMT phenotype, as few of patients had low TPMT activity 

(10%) and 15% of patients were identified as hyperactive metabolizers. This pilot study is a first 

published in Baltic states that introduced the enzyme-linked immunosorbent assay method for 

assessment of TPMT enzyme activity in blood. 

3. IBD patients with a high disease activity index were at a noticeably increased risk of malnutrition, 

considering not only IBD activity but also weight loss and loss of appetite. Most CD patients 

showed a reduction in muscle mass in both groups with low and high disease activity, which was 

not found in UC patients. 
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PRACTICAL RECOMMENDATIONS 

 

1. We recommend that TPMT genotyping or phenotyping should be prioritised for higher-risk 

patients to help predict thiopurine-induced adverse drug reactions and to determine personalised 

therapeutic options. Additional genotyping of patients experiencing adverse effects due to 

thiopurine treatment will be required to identify potential gene/allele–dose effects. 

2. Identification of reduction in muscle mass (soft lean muscle mass) in CD patients can be 

considered as an anticipatory indicator of disease activity. 
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