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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Vitamin B12 deficiency, commonly attributed 

to malabsorption, presents significant clinical consequences 
including hematological and neurological manifestations. 
Helicobacter pylori infection, a prevalent global pathogen, has 
been implicated in gastric pathology that may compromise 
vitamin B12 absorption through various mechanisms including 
gastric atrophy and impaired intrinsic factor production. This 
study aimed to evaluate the association between H. pylori 
infection and vitamin B12 deficiency.

Methods: A retrospective study was conducted at Thumbay 
Hospital, Ajman, UAE, involving 110 patients who underwent 
testing for both H. pylori (via urea breath test) and vitamin 
B12 levels using consecutive sampling of eligible patients 
tested during the study period. Patients with positive H. pylori 
results comprised the case group (n=60), while those with 
negative results served as controls (n=50). H. pylori positivity 
was defined by the assay's manufacturer cut-off (delta-over-
baseline ≥2.4‰), and vitamin B12 deficiency was defined as a 
serum concentration below 200 pg/mL per the assay reference 
interval. Exclusion criteria included diseases other than H. 
pylori affecting vitamin B12 levels and ongoing vitamin B12 
therapy. Data were analyzed using SPSS version 24, employing 
Student's t-test and Pearson's correlation.

Results: A statistically significant difference was observed in 
mean vitamin B12 levels between H. pylori-infected patients 
(115.25 ± 26.48 pg/mL) and non-infected patients (253.05 
± 78.31 pg/mL; p < 0.001). No significant gender-based 
differences were found within the infected group (p = 0.9). A 
significant negative correlation was identified between vitamin 
B12 levels and urea breath test results (r = -0.56, p = 0.004).

Conclusion: The findings support the hypothesis that H. pylori 
infection is associated with vitamin B12 deficiency, highlighting 
the importance of screening and monitoring vitamin B12 levels 
in infected individuals. Further large-scale prospective studies 
are warranted to establish causality and evaluate the impact of 
H. pylori eradication on vitamin B12 status.

Key words. Helicobacter pylori, vitamin B12 deficiency, 
cobalamin, urea breath test, gastric atrophy, malabsorption.
Introduction.

Helicobacter pylori, a Gram-negative spiral-shaped 
microaerophilic bacterium, colonizes the human stomach and 
has garnered significant attention for its impact on various 
aspects of health, particularly its relationship with vitamin B12 
metabolism [1]. This bacterium, which exclusively inhabits the 
mucosa of the stomach and duodenum, has developed unique 
adaptations to survive the hostile acidic environment, including 
the production of urease that converts urea to ammonia and 
carbon dioxide, neutralizing surrounding acidity [2].

Vitamin B12 (cobalamin) plays a crucial role in numerous 
physiological processes, including DNA synthesis, nerve 
function, and red blood cell formation [3]. The intracellular 
conversion of vitamin B12 to two active coenzymes, adenosyl 
cobalamin in mitochondria and methyl cobalamin in the 
cytoplasm, is essential for the homeostasis of methylmalonic acid 
and homocysteine [4]. Vitamin B12 deficiency, relatively common 
worldwide, can lead to serious clinical consequences including 
megaloblastic anemia and neurological manifestations [5].

The presence of H. pylori in the stomach has been associated 
with chronic gastritis, peptic ulcer disease, and gastric 
malignancies including gastric cancer and mucosa-associated 
lymphoid tissue (MALT) lymphoma [6]. These conditions can 
lead to alterations in the stomach's mucosal lining, affecting its 
ability to absorb nutrients efficiently [7]. Research suggests that 
H. pylori infection may interfere with the stomach's production 
of intrinsic factor, a glycoprotein necessary for vitamin B12 
absorption in the terminal ileum [8]. When intrinsic factor 
production is impaired, as seen in individuals with chronic 
gastritis or gastric atrophy caused by H. pylori infection, vitamin 
B12 absorption becomes compromised [9].

Globally, H. pylori colonizes approximately half of the world's 
population, with higher prevalence in developing nations [10]. 
The UAE has a high prevalence of H. pylori infection, which 
may contribute to a higher incidence of vitamin B12 deficiency 
in the population [11]. Despite the global significance of this 
infection, the relationship between H. pylori and vitamin B12 
deficiency remains incompletely understood, with conflicting 
evidence from various studies.

This study aimed to evaluate the association between H. pylori 
infection and vitamin B12 deficiency in patients attending 
Thumbay University Hospital, Ajman, and to compare vitamin 
B12 levels between infected and non-infected individuals, as 
well as between genders among infected patients.
Materials and Methods.

Study design and Setting: This retrospective study was 
conducted at Thumbay Hospital, Ajman, United Arab Emirates, 
from January to April 2024. The study was approved by the 
Institutional Ethics and Research Committee of Gulf Medical 
University.
Study Population and Sampling:

The study population comprised patients who underwent 
testing for both H. pylori (via urea breath test) and vitamin B12 
at the Clinical Chemistry Department of Thumbay Labs during 
the study period. A consecutive sampling approach was used: 
all patients who underwent concurrent urea breath testing and 
serum vitamin B12 measurement during the study period were 
screened for eligibility in the order in which they were tested, 
rather than being selected by convenience or random sampling. 
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Laboratory records with a missing urea breath test result, a 
missing vitamin B12 result, or missing core demographic 
information (age or sex) were excluded prior to statistical 
analysis. Patients who met any of the clinical exclusion criteria 
listed below were also excluded before the final analytic sample 
of 110 patients (60 cases, 50 controls) was assembled.
Inclusion and Exclusion Criteria:

Inclusion Criteria:

• Patients with positive H. pylori infection results (case group)
• Patients with negative H. pylori infection results (control 

group)
• Adults aged ≥18 years. 
• Patients who underwent both the Urea Breath Test and serum 

vitamin B12 measurement during the study period. 
• Complete demographic and laboratory records. 
• Positive UBT constituted the case group, whereas negative 

UBT constituted the control group.
Exclusion Criteria:

• Previous vitamin B12 supplementation within the preceding 
six months. 

• Previous H. pylori eradication therapy. 
• History of gastric surgery. 
• Pernicious anemia. 
• Chronic liver disease. 
• Chronic kidney disease. 
• Inflammatory bowel disease. 
• Type 1 diabetes mellitus. 
• Pregnancy. 
• Rheumatoid arthritis or other autoimmune diseases affecting 

vitamin B12 metabolism. 
• Patients with incomplete medical or laboratory records.
• Records with missing urea breath test results, missing vitamin 

B12 results, or missing age/sex data
Sample Size Calculation:

Sample size was calculated based on the formula:
N = z²Pq / e²
Where: N = Sample size; Z = Population in Ajman (504,000); 

P = 64.8% infected with H. pylori (64.8 × 504,000 / 100 = 
326,592); q = Variance of population; e = Allowable error (5%). 
The calculated sample size was 110 individuals.
Laboratory Methods:

Urea Breath Test: The urea breath test measured the ratio 
of carbon-13/14 isotopes in exhaled air before and after the 
consumption of radioactive urea, based on H. pylori urease 
activity. Patients fasted for at least six hours prior to the 
test. Baseline breath samples were collected, followed by 
administration of 13C-labeled urea solution. Additional breath 
samples were collected after 30 minutes.

Vitamin B12 Measurement: Quantitative determination of 
total vitamin B12 in serum was performed using the Beckman 
Coulter Dx1800 analyzer. The Access Vitamin B12 assay is 
a competitive binding immunoenzymatic assay. A sample 
was added to a reaction vessel along with alkaline potassium 
cyanide and dithiothreitol to denature B12 binding proteins 
and convert all forms of vitamin B12 to cyanocobalamin. 

After neutralization, intrinsic factor-alkaline phosphatase 
conjugate and paramagnetic particles coated with goat anti-
mouse IgG:mouse monoclonal anti-intrinsic factor were 
added. Vitamin B12 in the sample bound to the intrinsic factor 
conjugate, preventing it from binding to the solid phase anti-
intrinsic factor.

Diagnostic Criteria: H. pylori infection status was classified 
using the manufacturer-defined delta-over-baseline (DOB) cut-
off for the 13C-urea breath test kit used at Thumbay Labs: a 
DOB value of ≥2.4‰ was considered positive, and values 
below this threshold were considered negative, consistent with 
the assay's validated protocol. Vitamin B12 status was classified 
according to the reference interval of the Beckman Coulter 
Access Vitamin B12 assay: serum concentrations below 200 pg/
mL were classified as deficient, 200–300 pg/mL as borderline/
low-normal, and above 300 pg/mL as normal. These categorical 
cut-offs are reported here to allow clinical interpretation of 
the severity of deficiency observed; the primary between-
group statistical comparisons in this study were performed on 
continuous vitamin B12 concentrations and continuous urea 
breath test values rather than on the categorical classifications.
Validation Procedure:

The validation procedure was performed according to CAP 
(College of American Pathologists) and CLIA (Clinical 
Laboratory Improvement Amendments) standards for accuracy, 
precision, and linearity.
Handling of Missing Data:

Medical records were reviewed for completeness before 
analysis. Patients with missing demographic information, 
incomplete laboratory investigations, or unavailable UBT 
or vitamin B12 results were excluded from the study. No 
imputation of missing data was performed.
Data Analysis:

Statistical analysis was performed using SPSS software 
version 24 for Windows. Continuous variables were compared 
between groups using Student's t-test. Parametric correlations 
were performed using Pearson's test. Mean values of continuous 
data are expressed as mean ± SD. A p-value < 0.05 was 
considered statistically significant. Normality of continuous 
variables was assessed prior to parametric analysis using the 
Shapiro–Wilk test. Variables demonstrating normal distribution 
were summarized as mean ± standard deviation.
Results.

A total of 110 individuals were included in this study, 
comprising 60 H. pylori-infected patients (case group) and 50 
non-infected patients (control group).
Comparison Between Infected and Non-Infected Patients:

A statistically significant difference was observed in mean 
vitamin B12 levels between infected and non-infected patients (p 
< 0.001). Patients with H. pylori infection exhibited significantly 
lower mean vitamin B12 levels compared to their non-infected 
counterparts (115.25 ± 26.48 pg/mL vs. 253.05 ± 78.31 pg/mL). 
Additionally, the infected group demonstrated markedly higher 
UBT values compared to the non-infected group (17.42 ± 31.57 
vs. 0.35 ± 0.27; p < 0.001). No significant difference was found 
in mean age between groups (p = 0.8).
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Gender-Based Comparison Among Infected Patients:
No statistically significant differences were observed between 

males and females for age, vitamin B12 levels, or UBT values 
(p > 0.05 for all comparisons).
Correlation Between Vitamin B12 and UBT:

A significant negative correlation was identified between 
vitamin B12 levels and urea breath test results (r = -0.56, p = 
0.004), indicating that as UBT values increased, vitamin B12 
levels decreased.
Discussion.

This study aimed to compare vitamin B12 levels between H. 
pylori-infected and non-infected individuals and to examine 
gender-based differences among infected patients. Our findings 
provide strong evidence supporting the association between H. 
pylori infection and vitamin B12 deficiency.
Association Between H. pylori Infection and Vitamin B12 
Deficiency:

The most striking finding of this study was the significantly 
lower mean vitamin B12 levels in H. pylori-infected patients 

compared to non-infected controls (115.25 ± 26.48 pg/mL vs. 
253.05 ± 78.31 pg/mL; p < 0.001). This substantial difference—a 
reduction of approximately 54%—strongly suggests that H. 
pylori infection adversely affects vitamin B12 status. This 
finding corroborates previous research by Serin et al. [12], who 
demonstrated that H. pylori density was significantly associated 
with vitamin B12 levels on multivariate analysis in patients with 
minimal or no gastric atrophy. Similarly, Gümürdülü et al. [13] 
identified antral H. pylori load as an independent predictor of 
vitamin B12 deficiency.

A comprehensive meta-analysis by Cai et al. [14], which 
included 48 studies, confirmed that H. pylori-positive patients 
had significantly lower serum vitamin B12 levels than H. 
pylori-negative patients (SMD = -0.30; 95% CI: -0.53 to 
-0.08). Furthermore, that meta-analysis demonstrated that 
serum vitamin B12 levels improved after successful H. 
pylori eradication therapy (SMD = 1.85; 95% CI: 0.81–2.90), 
providing compelling evidence for a causal relationship [14].

The significantly higher UBT values in the infected group 
(17.42 ± 31.57 vs. 0.35 ± 0.27; p < 0.001) further support the 
association between active H. pylori infection and vitamin B12 

Figure 1. Scatterplot shows the correlation between the Vitamin B12, and Urea breath test.

Variable Group N Mean ± SD p-value

Age (years) Infected 60 36.32 ± 8.58 0.8Non-infected 50 36.63 ± 8.58

Vitamin B12 (pg/mL) Infected 60 115.25 ± 26.48 <0.001Non-infected 50 253.05 ± 78.31

Urea Breath Test Infected 60 17.42 ± 31.57 <0.001Non-infected 50 0.35 ± 0.27

Table 1. Comparison of Mean Values Between H. pylori-Infected and Non-Infected Patients.

Variable Gender N Mean ± SD

Age (years) Male 40 36.31 ± 7.19 0.8Female 20 36.49 ± 10.54

Vitamin B12 (pg/mL) Male 40 115.43 ± 25.29 0.9Female 20 114.97 ± 28.62

Urea Breath Test Male 40 15.21 ± 25.85 0.4Female 20 20.99 ± 39.17

Table 2. Comparison of Mean Values by Gender Among H. pylori-Infected Patients.
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deficiency. The strong negative correlation between vitamin 
B12 levels and UBT results (r = -0.56, p = 0.004) reinforces 
this relationship, suggesting that higher bacterial burden, as 
indicated by higher UBT values, is associated with more severe 
vitamin B12 deficiency.

Several mechanisms may explain this association. H. pylori 
infection can lead to chronic gastritis and gastric atrophy, 
reducing the secretion of intrinsic factor and impairing vitamin 
B12 absorption [15]. Additionally, the bacterium's ability to alter 
the gastric environment, including increasing gastric pH and 
inducing inflammatory responses, may contribute to impaired 
B12 absorption [16]. Notably, Serin et al. [12] demonstrated that 
the association between H. pylori and vitamin B12 deficiency 
exists even in patients with non-ulcer dyspepsia and minimal 
or no gastric atrophy, suggesting that mechanisms beyond 
atrophy, such as bacterial competition for cobalamin or local 
inflammatory effects, may be involved.

Our findings are consistent with the landmark study by Kaptan 
et al. [17], who reported that H. pylori was detected in 56% of 
patients with vitamin B12 deficiency and that eradication of H. 
pylori infection successfully improved anemia and vitamin B12 
levels. A more recent study from the UAE by Weisy et al. [18] 
further supports this association, demonstrating links between H. 
pylori virulence factors and micronutrient deficiencies including 
vitamin B12 among asymptomatic residents in Sharjah.
Gender-Based Differences.

No significant differences were observed between male and 
female infected patients for vitamin B12 levels (p = 0.9), age (p 
= 0.8), or UBT values (p = 0.4). This suggests that gender may 
not play a significant role in determining H. pylori infection 
status or vitamin B12 status among infected individuals. This 
finding is consistent with most studies that have not found 
significant gender differences in vitamin B12 status related to 
H. pylori infection [19].

However, a noteworthy, though statistically non-significant, 
trend was observed for UBT values, with female infected 
patients showing higher mean values (20.99 ± 39.17) compared 
to males (15.21 ± 25.85). This observation aligns with the study 
by Eisdorfer et al. [20], which reported systemic differences 
between men and women in quantitative UBT results, suggesting 
that host-related and environmental factors might affect UBT 
quantitative results. The non-significant difference in our study 
may be attributed to the relatively small sample size, and further 
investigation with larger cohorts is warranted.
Age Distribution.

The lack of significant difference in mean age between H. 
pylori-infected and non-infected groups (p = 0.8) suggests 
that age may not be a determining factor in H. pylori infection 
status among our study population. However, Gümürdülü et 
al. [13] identified age as an independent risk factor for vitamin 
B12 deficiency irrespective of gastric atrophy. The relatively 
young mean age of our study population (approximately 36 
years) may not adequately represent the elderly population, 
who are at higher risk for both H. pylori infection and vitamin 
B12 deficiency. This limitation should be considered when 
interpreting our findings.

Comparison with Recent Regional and International Studies.
Our findings are also broadly consistent with several more 

recently published studies. Rafique et al. [24] reported a 
significant association between H. pylori infection and vitamin 
B12 deficiency in a Pakistani patient cohort, and Ali et al. 
[25] similarly documented an elevated frequency of vitamin 
B12 deficiency among H. pylori-positive patients. A 2024 
Turkish study by Tükel et al. [26], conducted among patients 
undergoing upper gastrointestinal endoscopy for evaluation of 
unexplained vitamin B12 deficiency, likewise found H. pylori 
infection in the majority of affected patients, supporting a 
possible etiological role for the infection beyond overt gastric 
atrophy. In contrast, a 2025 retrospective cohort study of Ezidi 
refugees in Australia [27] found a high prevalence of both H. 
pylori infection (76.7%) and vitamin B12 deficiency (50.7–
58%) but no statistically significant association between the two 
conditions. This discrepancy suggests that population-specific 
factors—such as background nutritional status, comorbid 
iron and vitamin D deficiency, and differences in diagnostic 
thresholds across studies—may modulate the strength of the 
observed association, and it reinforces the need for larger, multi-
center, prospective studies across diverse populations before the 
relationship can be considered fully established.
Clinical Implications.

Our findings have important clinical implications. Routine 
screening for vitamin B12 deficiency in patients with confirmed 
H. pylori infection may be warranted, particularly in those with 
risk factors for deficiency such as elderly patients, vegetarians, 
and individuals with gastrointestinal symptoms [21]. Similarly, 
H. pylori infection should be considered as a potential etiological 
factor in patients presenting with unexplained vitamin B12 
deficiency, especially in regions with high prevalence of the 
infection [22].

The potential reversibility of vitamin B12 deficiency 
following H. pylori eradication, as demonstrated by multiple 
studies [14,17], underscores the importance of considering 
this treatable cause of deficiency. Furthermore, Gumurdulu et 
al. [23] demonstrated that vitamin B12 replacement therapy 
significantly improved gastric emptying time and dyspepsia 
scores in H. pylori-infected patients with low B12 levels, 
highlighting the broader clinical impact of addressing B12 
deficiency in this population.
Strengths and Limitations.

The strengths of this study include its relatively robust sample 
size (n=110), the use of a consecutive sampling strategy to reduce 
selection bias, and the use of objective, validated laboratory 
methods for both H. pylori diagnosis (UBT) and vitamin B12 
measurement, applied against pre-specified diagnostic cut-offs 
(see Diagnostic Criteria). The comparison with a control group 
strengthens the validity of our findings.

However, several limitations should be acknowledged. First, 
the retrospective design limits our ability to establish causality. 
Second, the single-center nature of the study may limit the 
generalizability of our findings to other populations. Third, 
although several important confounders known to affect vitamin 
B12 status — including other gastrointestinal disease, ongoing 
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vitamin B12 therapy, rheumatoid arthritis, type 1 diabetes, and 
renal disease — were addressed at the design stage through our 
exclusion criteria, we did not systematically record and could 
not statistically adjust for other potential confounders, such 
as dietary intake (including vegetarian/vegan diet), anemia 
or other hematologic indices, non-excluded gastrointestinal 
conditions (e.g., degree of atrophic gastritis, prior gastric 
surgery), or use of medications known to influence vitamin B12 
absorption (e.g., proton pump inhibitors, metformin). Future 
prospective studies should collect these variables and apply 
multivariable regression to formally adjust for them. Fourth, 
the relatively young mean age of our study population may not 
represent the elderly population at highest risk for vitamin B12 
deficiency. Finally, our study did not evaluate the impact of H. 
pylori eradication on vitamin B12 levels, which would provide 
stronger evidence for a causal relationship.
Conclusion.

Our study findings bolster the theory that Helicobacter 
pylori infection contributes to vitamin B12 deficiency. The 
significantly lower vitamin B12 levels in H. pylori-infected 
patients compared to non-infected controls, along with the 
strong negative correlation between UBT and vitamin B12 
levels, provide compelling evidence for this association. No 
significant gender-based differences were observed, suggesting 
that the association is independent of sex. These findings 
highlight the importance of considering H. pylori infection as 
a potential cause of vitamin B12 deficiency and underscore the 
need for routine screening and monitoring in at-risk populations.
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