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Abstract

Objective This systematic review evaluates the thiamin status of the European adult population, identifying criti-
cal gaps and priorities for future research.

Methods The review was conducted according to a pre-registered protocol (PROSPERO: CRD420251101630)
and PRISMA guidelines. A systematic search of PubMed and Scopus was carried out to identify observational
studies reporting relevant thiamin status biomarkers (erythrocyte transketolase activity coefficient (ETKAC),
whole blood thiamin diphosphate (WB ThDP), total thiamin in whole blood, or erythrocyte thiamin diphosphate
- RBC ThDP) in apparently healthy, community-dwelling adults (> 18 years) from European countries.

Results and discussion A total of 21 cross-sectional studies from 11 countries, published between 1976 and
2026, met the inclusion criteria, providing data on 7,344 individuals. The prevalence of thiamin deficiency
(ETKAC>1.25, WB ThDP<70 nmol/L, total thiamin in whole blood <75 nmol/L, RBC ThDP<280 ng/g Hb)
ranged from 0% to 41.2%. When pregnant and post-partum women were excluded, the prevalence of thiamin
deficiency ranged from 0% to 10%. The prevalence of thiamin deficiency in Europe remains poorly established
because nationally representative studies in the general population are scarce. The largest and most recent data
come from the United Kingdom, where wheat flour is fortified with thiamin.

Conclusions Further population-based studies using harmonised biomarkers are required before reliable conclu-
sions can be drawn regarding the prevalence and public health significance of thiamin deficiency in Europe.

Keywords Thiamin - Micronutrient deficiency - Wernicke encephalopathy - Beriberi - Europe - Vitamin
B1 - ThDP - ETKAC
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ETK Erythrocyte transketolase

ETKAC Erythrocyte transketolase activity coefficient
EU European Union

Hb Hemoglobin

HPLC High-performance liquid chromatography
IB-CoA Isobutyryl-CoA

Ile Isoleucine

IQR Interquartile range

i’v Intravenous

IV-CoA Isovaleryl-CoA

KIC a-ketoisocaproate

K1V a-ketoisovalerate

KMV a-keto B-methylvalerate

LCHF Low-carbohydrate high-fat

Leu Leucine

MB-CoA Methylbutyryl-CoA

NADPH Nicotinamide adenine dinucleotide phosphate
PDH Pyruvate dehydrogenase complex

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO International Prospective Register of Systematic Reviews

RBC Erythrocyte (Red blood cell)
RFC1 Reduced folate carrier 1

SD Standard deviation

SIDS Sudden infant death syndrome

SLCI9A1 Solute carrier family 19 member 1
SLCI9A2 Solute carrier family 19 member 2
SLCI19A3 Solute carrier family 19 member 3
SLC25A19  Solute carrier family 25 member 19

TCA Tricarboxylic acid cycle
ThDP Thiamin diphosphate
ThMP Thiamin monophosphate
THTR1 Thiamin transporter 1
THTR2 Thiamin transporter 2
TKT Transketolase

TPP Thiamin pyrophosphate
Val Valine

WB Whole blood

WHO World Health Organization
Background

Thiamin (vitamin B1), a water-soluble vitamin essential for carbohydrate and amino acid metabolism, energy
production and neuronal function [1], is ingested mainly in phosphorylated forms. Once dephosphorylated by
intestinal phosphatases [2, 3], free thiamin is absorbed in the small intestine primarily via the thiamin transporters
THTRI1 (SLC19A2) and THTR2 (SLC19A3) [4, 5], which also mediate thiamin transport in the kidney and other
tissues [6, 7]. In addition to these classical thiamin transporters, several other carriers, such as reduced folate
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carrier 1 (RFC1 also known as SLC19A1), which may contribute to thiamin absorption by transporting thiamin
monophosphate [8], are likely involved in thiamin handling [9]. Inside the cell, thiamin pyrophosphokinase con-
verts thiamin to thiamin diphosphate (ThDP) (older name: thiamin pyrophosphate (TPP)), its major physiological
form [10-12], which participates as a cofactor in several essential reactions (Fig. 1). Besides its role as a cofactor,
thiamin and its phosphorylated derivatives affect membrane function and seem to play a role in the regulation of
neuronal excitability [13, 14].

Thiamin deficiency

Thiamin deficiency remains present in low- and middle-income countries that rely heavily on processed staple
foods, such as polished rice. It is particularly prevalent in Southeast Asian populations, especially among infants
and women of reproductive age [23, 24]. Thiamin deficiency has been estimated to contribute to up to 45% of
under-5 deaths in Cambodia, 34% of infant deaths in Laos, and 17% of infant deaths in Myanmar [24]. Although
thiamin is naturally present in a wide range of foods, its content is significantly diminished by bran removal (mill-
ing, polishing), refining, processing, and cooking [23]. The best sources of thiamin are pork, wholegrain cereals
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Fig. 1 Role of ThDP in energy metabolism. ThDP participates in the pentose phosphate pathway as a cofactor for transketo-
lase, which catalyses the conversion of pentose sugars to intermediates of glycolysis, thus enabling NADPH production even
when ribose-5-phosphate is not needed for nucleotide synthesis [2, 15—17]. Mitochondrial carrier SLC25A19 (not shown)
transports ThDP to the mitochondrial matrix [18], where it serves as a cofactor in oxidative decarboxylation of a-keto acids,
including pyruvate [18, 19], a-ketoglutarate [18, 20], and a-keto acids of branched-chain amino acids [21, 22]. Abbrevia-
tions: 0-KGDH: a-ketoglutarate dehydrogenase complex, BCKDH: branched-chain a-keto acid dehydrogenase complex,
KIC: a-ketoisocaproate, KIV: a-ketoisovalerate, KMV: a-keto B-methylvalerate, IB-CoA: isobutyryl-CoA, Ile: isoleucine;
Leu: Leucine, MB-CoA: methylbutyryl-CoA, IV-CoA: isovaleryl-CoA, PDH: pyruvate dehydrogenase complex, TCA: tri-
carboxylic acid, TKT: transketolase, Val: Valine
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and legumes [25]. It is often assumed that thiamin deficiency is rare in the general population in Europe and is
limited to high-risk groups such as malnourished individuals or people with alcohol use disorder (AUD) [26].

Thiamin must be supplied regularly, as body stores are minimal. A diet almost devoid of thiamin produces first
sign of deficiency in just 10 days [27]. Clinical thiamin deficiency may present with a spectrum of neurological,
psychiatric, and cardiovascular signs and symptoms [28]. Subclinical deficiencies can also impair cognitive and
physical functions [23]. Early signs of thiamin deficiency are often unrecognized [29], none of the signs and
symptoms are pathognomonic, and they can be mistaken for psychosomatic disorders [30].

Dietary thiamin deficiency may ultimately lead to beriberi (dry, wet, or infantile) and Wernicke-Korsakoff
syndrome. In adults, dry beriberi presents with peripheral sensory and motor neuropathy [31], while wet beriberi
presents with increased cardiac output, cardiomegaly, heart failure, and peripheral oedema [32, 33]. Cardiac
dysfunction, which can be severe, is a major feature of infantile beriberi which appears in infants during the
first months of life [34], while the nervous system dysfunction may predominate in older children [35]. Thiamin
deficiency, especially in alcohol use disorder, may also manifest as Wernicke’s encephalopathy and Korsakoff
syndrome [36]. Wernicke’s encephalopathy is characterized by mental changes, abnormal eye movements, and/or
ataxia [37-39]. If untreated, Wernicke’s encephalopathy may progress to Korsakoff’s syndrome, an irreversible
condition which manifests with amnesia and confabulation [39]. Clinical symptoms are not reliable for detecting
Wernicke’s encephalopathy. In one autopsy study of 6,964 cases, 52 cases of Wernicke’s encephalopathy were
identified, of which 12 (23%) occurred in people without alcohol dependence. Only four cases (7.7%) had been
diagnosed clinically during life, and none of the people without alcohol dependence had received thiamin therapy
[40].

Long-term alcohol consumption can lead to thiamin deficiency by reducing dietary intake of thiamin, inhibit-
ing absorption in the gastrointestinal tract and disrupting its cellular utilization [41]. Thiamin deficiency also
occurs in malnourished patients, patients after bariatric surgery [28], people living with obesity [42], patients on
total parenteral nutrition [28, 43] and patients with diabetes [44]. Thiamin deficiency may also occur in the con-
text of refeeding syndrome, since the transition from starvation to feeding greatly increases the demand for thia-
min, which serves as a cofactor for glucose-dependent metabolic pathways (Fig. 1) [45]. Lastly, ultra-processed
foods, snacks and soft drinks contribute significantly to energy intake while being low in thiamin [46]. The ultra-
processed food share in energy intake in Europe ranges from 14 to 44%, the highest being in United Kingdom
[47]. All risk factors contributing to thiamin deficiency are presented in Fig. 2.

Thiamin status is usually assessed through two approaches:

1. Direct measurement of thiamin or its phosphorylated metabolites (thiamin diphosphate (ThDP) in whole
blood (WB) or erythrocytes (RBC) or total thiamin in whole blood (WB)). Thiamin deficiency is generally
associated with low total thiamin or ThDP concentrations in whole blood and erythrocytes [48].

2. Functional assessment via the erythrocyte transketolase activity coefficient (ETKAC), an indirect marker of
thiamin-dependent enzymatic saturation (ETKAC=ETK activity with added ThDP (U/g Hb)/baseline ETK
activity (U/g Hb)). ETKAC is a sensitive marker for thiamin function and status [48].

This systematic review evaluates thiamin status of the European adult population, identifying critical gaps and
priorities for future research. On a global level the prevalence of thiamin deficiency was reviewed by Johnson
et al. [24] and Whitfield et al. [23]. Rakotoambinina et al. [49] reviewed published reports of paediatric thiamin
deficiency in high-income countries.

Materials and methods
The study was conducted according to a previously registered protocol in the international prospective register of

systematic reviews PROSPERO ID - CRD420251101630 [58]. The systematic review was conducted according
to PRISMA guidelines [59].
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Fig. 2 Risk factors contributing to thiamin deficiency: (1) Low thiamin intake. The reason for low thiamin intake may be
generally low food intake for example in people with anorexia nervosa [50], bariatric surgery [S51] or vomiting [52]. More
often the cause is diet dominated by foods low in thiamin (polished rice, soft drinks, ultra-processed foods) [23]. (2) Impaired
absorption and cellular utilization of thiamin. Chronic alcohol consumption affects food intake, thiamin absorption, cellular
utilization and increases thiamin needs. Additionally, alcoholic beverages provide substantial energy while contributing neg-
ligible amounts of thiamin [41]. Bariatric surgery decreases thiamin intake and absorption [51]. (3) High carbohydrate and
energy intake. Thiamin requirements depend on carbohydrate and energy intake [48, 53]. Children, adolescents, pregnant
women, lactating women, and people living with obesity have increased thiamin needs. Intravenous infusions of glucose
given to thiamin deficient patients increase thiamin requirements and exacerbate deficiency [54]. (4) Increased thiamin
excretion. Use of diuretics, chronic kidney disease and dialysis can increase thiamin excretion [55]. (5) High intake of thi-
aminase from insufficiently cooked larvae of African silkworm Anaphe venata causes seasonal thiamin deficiency in Nigeria
[56, 57]. In Europe, thiaminase contribution to thiamin deficiency is negligible.Source of images: Canva.

Study population, exposure and outcome

The study population included apparently healthy, community-dwelling adults aged>18 years from European
countries meeting the inclusion criteria.

The primary exposure was thiamin status, assessed using the biomarkers defined in Table 1. The outcomes
included: (1) absolute measurements of biomarkers and (2) the prevalence of thiamin deficiency defined by the
cut-off values listed in Table 1.

The inclusion and exclusion criteria

The inclusion criteria were (1) apparently healthy, community-dwelling adults aged>18 years, including preg-
nant and lactating women, (2) observational studies (cohort, case-control, or cross-sectional) and baseline data
from interventional studies collected prior to any intervention, (3) studies reporting selected thiamin biomarkers
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Table 1 Thiamin biomarkers included in the systematic review

Biomarker Biol. sample Use Cutoff for deficiency
ThDP - thiamin diphosphate in whole blood Whole blood Biologically active vitamer and indicator of Deficiency <70 nmol/L
(older name: thiamin pyrophosphate -TPP) thiamin status [28] [76]

ThDP - thiamin diphosphate in erythrocytes = Washed Deficiency <280 ng/g Hb
(older name: thiamin pyrophosphate -TPP) erythrocytes RBC ThDP [64]

Total thiamin in whole blood (free thiamin Whole blood Includes active and inactive thiamin forms. <75nmol/L [76]

plus its esters) Less reliable biomarker of thiamin status than

ThDP - thiamin diphosphate in whole blood or
erythrocytes [23]

ETKAC - Erythrocyte transketolase activity =~ Washed Functional test of biological activity. Sensitive  Deficiency: ETKAC>1.25

coefficient erythrocytes marker of thiamin function and status [48] (0>25%) Insufficiency:
ETKAC=ETK activity with added ThDP (U/g ETKAC 1.15-1.25 (a
Hb)/baseline ETK activity (U/g Hb) [77] 15-25%). Adequate (suf-

ficiency): ETKAC<1.15
(a<15%) [23, 48, 77]

Table 2 Thiamin biomarkers not included in the systematic review

Biomarker Biol. sample Use Reason for exclusion
Plasma thiamin Plasma Reflects recent Not an indicator of thiamin status [23, 48]
intake
ThMP- thiamin monophos-  Plasma Reflects recent
phate, older: TMP intake
24-h urinary thiamin 24 h urine Reflects recent Biomarker of thiamin intake, not status. Not reliable when thiamin
intake [78] intakes are low. Requires at least 24 h urine collection [48, 77, 78]
Basal ETK - Basal erythro- ~ Washed Complementary Useful in specific populations. Aids in interpretation of thiamin status in
cyte transketolase activity erythrocytes  biomarker [79] context of variable apoenzyme concentrations. Cutoff for deficiency is not

clearly defined; <0.50 U/gHb or <0.59 U/gHb are used as cutoffs for defi-
ciency [79]. This allows differentiation between whether the low activity
is due to thiamin deficiency or reduced synthesis of the enzyme itself

listed in Table 1, (4) studies including healthy European adults, (5) no restrictions on language, (6) no restrictions
on publication date, and (7) a minimum sample size of 10 participants.

The exclusion criteria were (1) case reports, narrative reviews, and conference abstracts, (2) studies reporting
biomarkers that do not reflect thiamin status, as specified in Table 2, (3) individuals taking thiamin food supple-
ments, (4) participants with alcohol use disorder (AUD), obesity (BMI>30 kg/m?), type 1 or type 2 diabetes mel-
litus, chronic kidney disease, liver dysfunction, malabsorption syndromes (e.g., celiac disease, Crohn’s disease),
or other conditions known to affect thiamin status, (5) studies involving institutionalized populations or specific
clinical subgroups such as individuals post-bariatric surgery or with Wernicke—Korsakoff syndrome, and (6) stud-
ies focusing on special populations such as seamen, or aboriginal groups.

Due to the limited number of published studies, studies based on non-representative population samples were
also included; however, these were clearly marked in the result section. Study populations included in this review
are heterogeneous and include pregnant women [60], post-partum women [61], convenience samples comprising
of staff, that are usually healthier, better nourished, and socioeconomically advantaged [62—64], university stu-
dents [65], and employees undergoing routine medical examinations [66]. The remaining studies utilized cohorts
of healthy volunteers serving as control groups or for reference value establishment [53, 67-75].
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Search and screening strategy

The review team comprises two experts in public health and nutrition. The literature search was conducted
in PubMed and Scopus and supplemented by snowballing (screening reference lists and citations of included
studies).

Search process:

e We defined the search criteria. The PubMed and SCOPUS search combined terms for European populations
with thiamin-related keywords (e.g., thiamin, vitamin B1, ThDP, ETK, ETKAC, ThDP etc.). The search was
limited to human studies. Full search syntax is available in supplemental data.

e The titles and abstracts were searched manually and selected as described in Study Flow Diagram (Fig. 3).

e The data from selected studies was manually extracted into an MS Excel spreadsheet.

e The data was then rechecked by a second researcher.

Fig. 3 Study flow diagram.
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Study risk of bias assessment Newcastle-Ottawa Scale adapted for cross-sectional studies was used [80]. Grad-
ing is available in supplemental data.

Data synthesis and analysis
Only one study used a nationally representative sample from the United Kingdom [81], and one Spanish study

used a regionally representative sample [82] and many countries were not represented. The meta-analysis was
not feasible.

Results
A total of 21 cross-sectional studies from 11 countries published between 1976 and 2026 met the inclusion cri-

teria and provided data on the thiamin status of 7,344 healthy European adults. The results are stratified by the
biomarkers erythrocyte transketolase activity coefficient (ETKAC) in Table 3, whole blood thiamin diphosphate

Table 3 Studies reporting erythrocyte transketolase activity coefficient (ETKAC)

Author, year Population Location No.of  Age ETKAC Thiamin defi- Thiamin insuf-
subjects (mean+SD (mean+SD) ciency (%) ficiency (%)
or range ETKAC>1.25 ETKAC>1.15
yrs)
Fabian et al. 2008 Healthy, with no fer- Vienna, Austria 33 (233) 24.4+2.8 1.085+0.024 N/A N/A
[67] mented food consump-
tion in last 7 days
Hotzel and Bitsch Healthy students Bonn, West 130 adult 1.126+0.121 10.00% 20%
1976 [65] Germany (984)
Jones et al. 2023 [79]  Selected samples from  United 134 44.0+11.8 1.09+0.05 0% 13%
nationally representative Kingdom (?134)
study NDNS RP
Koulman et al. 2026 Nationally representa- ~ United 5657 39 (16-57) 1.11 (1.07—- 0.7% 18%%*
[81] tive study NDNS RP Kingdom (93096) median 1.14) median
(QR) (IQR)
Malara et al. 2013 [70] Healthy volunteers with Warsaw, Poland 80 (940) 19.7+£0.71 1.053+0.054 0% N/A
low or high physical
activity
Mataix et al. 2003 Representative sample ~ Andalusia, 372 25-60 1.01+0.17 6.4% 13.6%
[82] of healthy population Spain (?191) (ETKAC>1.16)
Ortega et al. 2004 [60] Healthy women in third Cuenca, Spain 51 (251) 29.9+3.8 1.06+0.22 13.7% 31.3%
trimester pregnancy
Sanchez et al. 1999 Healthy women sampled Coast of Cata- 131 26+5 1.25+0.17 41.2% 62.6%
[61] at delivery lonia province, ({131)
Spain
Studies using healthy volunteers for controls or reference values establishment are marked with (#) and presented in grey.
Boni et al. 1980 Healthy medical and Leuven, 12 adult 1.135 (range 0% N/A
[63] laboratory personnel (#) Belgium (YNR) 1.08-1.185)
Elmadfa et al. 2001 Healthy volunteers (#)  Vienna, Austria 12 (96) 25-30 1.12+0.1 N/A N/A
[53]
Herve et al. 1995 [68] Healthy volunteers (#)  Clichy, France 52 (928) 21-65 1.12+0.1 N/A N/A
Jermendy 2006 Healthy control (#) Budapest, 60 (928) 54.1+2.5 1.08+0.02 N/A N/A
[69] Hungary.
Michalak et al. 2013 Healthy control (#) Poznan, Poland 20 (216) 49.1 1.0 (range 0% 0%
[75] (23-70) 0.0-0.0)

SD, standard deviation; ETKAC, erythrocyte transketolase activity coefficient, * calculated by the authors from original data [83]
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Table 4 Studies reporting whole blood thiamin diphosphate - WB ThDP (nmol/L)

Author, year Population Location No. of Age (mean+SD WB ThDP Thiamin defi-
subjects or range yrs) (nmol/L) ciency (%),
(mean+SD)  WB ThDP<70
nmol/L
Studies using healthy volunteers for controls or reference values establishment are marked with (#) and presented in grey.
Herve et al. 1995 [68] Healthy volunteers (#) Clichy, France 52 ($28) 21-65 176+28 N/A
Korner et al. 2009 [73] Healthy volunteers (#) North Rhine- 30 (R16) 40.5 (18-65) 194.7+£275 0%
Westphalia,
Germany
Lynch et al. 1997 [62] Healthy laboratory staff Belfast, United 45 (916) 38 (20-60) 1742+34.05 N/A
#) Kingdom median (range)
Mancinelli et al. 2003 [66] Random selection of Rome, Italy 103 (958) 42.9+10.2 2222+56.3 N/A

healthy employees under-
going routine medical
examinations (#)

Tallaksen et al. 1991 [74] Healthy volunteers (#) Oslo, Norway 30 (215) 43 (32-54) 143+35 N/A
median (range)

Verstraete and Stove 2021 Healthy volunteers (#) Ghent, Belgium 50 ($NR)  adult 145+£22.1 0%

[72]

SD, standard deviation; WB ThDP, whole blood thiamin diphosphate

Table 5 Studies reporting total whole blood thiamin (nmol/L)

Author, year Population Location No. of subjects Age (mean+SD Total WB Thiamin defi-
or range yrs) thiamin (nmol/L) ciency (%)
(mean=+SD) Total WB thia-

min<75 nmol/L

Studies using healthy volunteers for controls or reference values establishment are marked with (#) and presented in grey.

Herve et al. 1995 [68] Healthy volun-  Clichy, France 52 (928) 21-65 186+30 N/A
teers (#)

Schrijver et al. 1982 [71] Healthy volun-  Utrecht, 98 (YNR) adult 115 (range 1-2%
teers (#) Netherlands 70-185)

SD, standard deviation; WB, whole blood

Table 6 Studies reporting erythrocyte thiamin diphosphate - RBC ThDP (ng/g Hb)
Author, year Population Location No.of  Age(mean+SD RBC ThDP Thiamin defi-
subjects  or range yrs) (ng/g Hb) ciency (%)
(mean+SD) RBC ThDP<280

ng/g Hb

Churuangsuk et Healthy volunteers, following Glasgow, United 42 (?Ynd) 27 (24-34) 621+200 2%
al. 2024 [84] general diet, without thiamin food Kingdom median (IQR)

supplements

Healthy volunteers, following LCHF 36 (Ynd) 36 (25-49) 378+68 8%

(low carbohydrate high fat diet), median (IQR)

without thiamin food supplements
Studies using healthy volunteers for controls or reference values establishment are marked with (#) and presented in grey.
Tallaksen et al. ~ Healthy volunteers (#) Oslo, Norway 30 (Q15) 43 (32-54) 325+£76.95 N/A
1991 [74] median (range)
Talwar et al. Laboratory staff and people attending Glasgow, United 147 (P68) 54+8.2 433+76.5 2.5%
2000 [64] a cardiovascular risk clinic (#) Kingdom

SD, standard deviation; RBC ThDP, erythrocyte thiamin diphosphate; IQR, interquartile range

(WB ThDP; nmol/L) in Table 4, total thiamin in whole blood (nmol/L) in Table 5 and erythrocyte thiamin diphos-
phate (RBC ThDP; ng/g Hb) in Table 6.

While most studies included community-dwelling adults, several investigated specific subgroups, including
pregnant and postpartum women, university students, individuals following LCHF diet (low carbohydrate high
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fat diet), and convenience samples of healthcare workers. Study populations were recruited from 11 countries:
Spain, United Kingdom, Austria, Poland, Germany, Hungary, France, Belgium, Italy, Norway and the Nether-
lands. There were two studies with a representative sample of the healthy adult population [81, 82].

Summary of biomarker findings

The prevalence of thiamin deficiency (ETKAC>1.25, WB ThDP<70 nmol/L, total thiamin<75 nmol/L, RBC
ThDP<280 ng/g Hb), ranged from 0% to 41.2%. If pregnant and postpartum women were excluded, the preva-
lence of thiamin deficiency ranged from 0% to 10%.

Discussion

This systematic review identified limited and heterogeneous evidence on thiamin status in apparently healthy
European adults. Across 21 cross-sectional studies from 11 countries, reported deficiency prevalence widely from
0% to 41.2%, and from 0% to 10% after excluding pregnant and post-partum women. Current evidence is insuf-
ficient to rule out thiamin deficiency as a public health concern across Europe.

Of the 7,344 included participants, 6,061 (83%) were from five studies conducted in the United Kingdom. As
the United Kingdom has mandated thiamin fortification of non-wholemeal wheat flour since 1956, extrapolation
of these findings to other European countries, which do not require general cereal fortification [23], is limited
[23, 85]. Therefore, the overall prevalence estimates presented in this review are likely to underestimate the
prevalence of thiamin deficiency in Europe. In a recent nationally representative study from the United Kingdom,
the prevalence of thiamin deficiency was affecting 0.7% of participants overall (ETKAC>1.25), while thiamin
insufficiency affected 18.0% (ETKAC>1.15). Deficiency prevalence differed by ethnicity, with 0.5% in White,
1.3% in Asian, and 5.4% in Black participants. Thiamin intake was significantly lower in Black than in White
participants, but differences in thiamin status persisted after adjustment for thiamin intake [81]. Another study
from the United Kingdom showed that restrictive diets, such as low-carbohydrate high-fat (LCHF) diets, may
also increase the risk of thiamin deficiency because they restrict foods naturally rich in thiamin, particularly
whole grains, and reduce intake of thiamin-fortified wheat flour. Thiamin deficiency (a-ETK>1.25) was found
in 8% of volunteers following un-supplemented LCHF and in 2% of healthy un-supplemented Glasgow (UK)
adults following general diet [84].

Significantly higher prevalence of thiamin deficiency and insufficiency was reported by a Spanish study using
a representative sample from the Andalusian region of Spain (Table 3) [82]. These findings suggest that the
prevalence of thiamin deficiency may vary significantly across Europe and may be influenced by national food
fortification policies.

Relationship between biomarkers and dietary thiamin intake

Dietary thiamin intake is important for interpreting thiamin status biomarker findings. In its assessment, EFSA
included intake data from 13 dietary surveys in nine European Union countries. Mean thiamin intake in adults
(>18 years) varied across countries from 0.88 to 1.99 mg/day, corresponding to 0.11-0.24 mg/MJ (0.46—
1.0 mg/1000 kcal). Relative to the requirement of 0.10 mg/MJ, this corresponds to 110-240% of the requirement
[48]. Higher thiamin intake has been associated with a lower risk of biochemical thiamin deficiency, defined by
ETKAC [81] or RBC ThDP concentrations [84]. This relationship depends strongly on the dietary assessment
method. In a study of older Chinese adults, thiamin intake was not associated with RBC ThDP concentration. The
authors attributed this discrepancy partly to measurement error in dietary assessment, as the Chinese food com-
position database was largely based on raw food weight and did not adequately account for the substantial loss
of water-soluble vitamins during food preparation [86]. Low dietary thiamin intake may indicate an increased
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risk of inadequate thiamin status, but it cannot replace biomarker-based assessment. EFSA panel also noted that
ETKAC, erythrocyte ThDP and whole-blood ThDP are not valid markers of habitual thiamin intake within the
usual intake range [48]. Urinary thiamin reflects recent intake and may be useful for validating dietary intake esti-
mates as 1 mg of thiamin intake predicts 268.2 pg of thiamin excreted in urine [78]. Collectively, these findings
indicate that dietary intake data and biochemical biomarkers provide complementary, rather than interchange-
able, information on thiamin status.

Special subpopulations

The risk of thiamin deficiency is higher in populations with increased relative thiamin requirements, such as
pregnant and post-partum women [48, 52]. A Spanish study in women in the third trimester of pregnancy reported
thiamin deficiency in 13.7% of participants (ETKAC>1.25) [60], while another Spanish study in women at
delivery found a prevalence of 41.2% (ETKAC>1.25). Only 14.8% of infants born to thiamin deficient mothers
had adequate thiamin status (ETKAC<1.15) [61]. Moreover, breast milk of thiamin-deficient mothers contains
reduced thiamin levels, leading to deficiency in the offspring [60, 87]. Thiamin deficiency has been documented
in families exhibiting a high incidence of Sudden Infant Death Syndrome (SIDS) [36, 88].

When interpreting findings from population-based studies, alcohol dependence should be considered as a
potential contributor to thiamin deficiency as 30-80% alcohol dependent individuals are thiamin deficient [41].
The prevalence of alcohol dependence among adults aged 18—64 years in the EU was estimated at 3.4%, with
significant variation between sexes and countries. The lowest prevalence was observed in Spain (0.7%) and the
highest prevalence was observed in Latvian men (21.2%) [89].

Two studies conducted in northern regions of the Russian Federation were not eligible for inclusion in the
present systematic review. They report high prevalence of thiamin deficiency [90, 91]. Bojko [90] reported thia-
min deficiency(ETKAC>1.25) prevalences of 57.7% in males and 68.8% in females in Kargopol (Arkhangelsk
Region).

Limitations and strengths

However, the main strength of this review is the strict definition of appropriate thiamin status biomarkers
(Table 1). Studies using biomarkers (Table 2), such as plasma thiamin [92, 93], thiamin monophosphate (ThMP)
and plasma thiamin diphosphate (ThDP) [93] were excluded, but are presented in supplemental material. The
cut-off values for thiamin deficiency, insufficiency, and adequacy are not universally standardized, partly because
methods for assessing thiamin status are also not standardized. Johnson et al. [24] reviewed proposed cutofts. For
this review, we applied the cutoffs defined in Table 1, which are also reported in brackets whenever deficiency or
insufficiency is reported. Although cut-off values varied between studies, studies were not excluded solely on this
basis. Instead, differences in cut-off values were reported and considered when interpreting the results. The syn-
thesis of results was further complicated by the use of different biomarkers and a lack of standardized diagnostic
cut-offs, which impedes direct comparability across studies [24, 79, 94]. A further limitation is that most available
evidence comes from a single country (the United Kingdom), which limits the geographical representativeness
of the evidence base.

Practical considerations

Sufficient thiamin intake in high-income adult populations can be achieved through a varied diet that includes
cereals, especially fortified breakfast cereals, seeds, legumes and meat, particularly lean pork [48]. Thiamin
deficiency could be considered a sign of alcohol abuse [41], restrictive diets [84, 95] or generally very poor diet.
In thiamin deficient populations, deficiency of other micronutrients should be expected [61, 95]. Considering
the increased needs during pregnancy and lactation, severe consequences of thiamin deficiency [36, 88] and the
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safety of thiamin, supplementation with prenatal micronutrient food supplements containing thiamin may be
reasonable. Routine thiamin supplementation is currently not recommended in most European countries. WHO
recommends thiamin supplementation as part of multiple micronutrient supplementation during emergencies
[36]. Even at doses of several hundred milligrams, there are no reports of adverse effects of oral thiamin supple-
mentation [96]. Sufficient intake also ensures sufficient thiamin content in breast milk [60, 87].

Future research

Representative, population-based studies using harmonized biomarkers are urgently needed to establish the
prevalence and risk factors for thiamin deficiency in continental Europe. Further targeted investigations are war-
ranted among subpopulations with potentially increased requirements or reduced intake, including pregnant and
lactating women and other groups with increased physiological requirements, individuals adhering to restrictive
or low-carbohydrate diets, people living with obesity, persons with alcohol use disorder (AUD) and persons of
lower socioeconomic status. Harmonisation of laboratory methods and diagnostic cut-offs should be prioritised
to improve comparability between studies.

Conclusions

Available evidence does not support the conclusion that thiamin deficiency has been eliminated as a public
health concern across Europe. The current evidence base is limited by the predominance of data from the United
Kingdom and the scarcity of representative studies from continental Europe. Further population-based studies
using harmonised biomarkers are required before reliable conclusions regarding the prevalence and public health
significance of thiamin deficiency in Europe can be drawn.
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