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Abstract 
Background: Hypertension-related kidney damage represents a key cause of long-standing renal dysfunction 
and is linked with multiple metabolic and cardiovascular complications. Recent findings indicate that 
deficiencies of certain micronutrients, especially cobalamin, may play a role in the progression of renal 
impairment and influence overall clinical outcomes in affected individuals. 
Objectives: This investigation was designed to determine circulating cobalamin concentrations among 
individuals with hypertension-related kidney involvement and to examine their relationship with selected 
clinical and laboratory parameters over a one-year observation period. 
Materials and Methods: A facility-based observational investigation was carried out at Naraina Hospital and 
Research Center over twelve months and included 200 individuals diagnosed with hypertension-related kidney 
involvement. Circulating cobalamin concentrations were quantified using validated immunoassay methods. 
Participants were classified into deficient, borderline, or adequate categories based on established laboratory 
thresholds. Clinical characteristics, renal function indices, and hematological variables were evaluated to 
explore associations with cobalamin status. 
Results: Reduced cobalamin concentrations were identified in a considerable proportion of participants, with an 
additional subset demonstrating values near the lower reference limit. Lower concentrations were more 
frequently observed among individuals with longer-standing hypertension and more advanced renal impairment. 
Reduced cobalamin status showed a frequent association with anemia and a higher occurrence of protein loss in 
urine. These observations indicate a link between altered cobalamin levels and greater disease severity in 
hypertension-related kidney involvement. 
Conclusion: Vitamin B12 deficiency is a common and clinically relevant finding in patients with hypertensive 
nephropathy. Routine assessment of vitamin B12 levels may aid in comprehensive evaluation and management 
of this high-risk population by identifying a potentially correctable metabolic abnormality. 
Keywords: Vitamin B12, Hypertensive nephropathy, chronic kidney disease, Micronutrient deficiency, 
Anemia, Renal dysfunction. 
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Introduction 

Hypertension-related kidney involvement 
represents one of the leading causes of chronic 
renal dysfunction globally and contributes 
substantially to illness burden and mortality. 
Prolonged elevation of arterial pressure leads to 
progressive structural and functional alterations 
within renal blood vessels and parenchyma, 
ultimately resulting in glomerular damage, tubular 
scarring, and gradual decline in kidney 
performance. Despite advances in blood pressure–
lowering therapies, this condition remains a 

significant public health issue, particularly in low-
resource regions where delayed detection and 
suboptimal disease control are frequently 
encountered. In recent years, increasing attention 
has been directed toward the contribution of 
nutritional factors in the progression of renal 
disorders. Among these, cobalamin has gained 
interest because of its involvement in 
hematopoietic processes, neurological integrity, 
and homocysteine regulation. Alterations in 
cobalamin status have been documented among 
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individuals with chronic renal impairment and may 
influence disease course as well as related 
cardiovascular outcomes [2]. 

Hypertension-Related Kidney Disease and 
Clinical Implications: Renal damage associated 
with sustained high blood pressure develops as a 
consequence of prolonged vascular stress, leading 
to adaptive and maladaptive changes within the 
renal microcirculation. Persistent pressure overload 
results in injury to small renal arteries and 
arterioles, impaired blood flow, and gradual loss of 
filtration capacity. Clinically, affected individuals 
often present with protein loss in urine, declining 
kidney performance, and difficulty maintaining 
blood pressure targets, creating a self-perpetuating 
cycle that accelerates renal deterioration [3]. 

The overall impact of this condition is particularly 
significant among middle-aged and older adults, 
many of whom exhibit concurrent metabolic 
abnormalities. Because early stages may remain 
asymptomatic, diagnosis is often delayed until 
substantial organ damage has occurred. As renal 
function declines, individuals face an increased 
likelihood of cardiovascular events, electrolyte 
disturbances, anemia, and progression toward 
terminal renal failure. Early recognition of 
modifiable contributors and associated biochemical 
disturbances is therefore crucial for improving 
long-term clinical outcomes [4]. 

Role of Cobalamin in Renal and Cardiovascular 
Health: Cobalamin is a water-soluble 
micronutrient essential for cellular replication, red 
blood cell formation, and neurological integrity. It 
plays a central role in methylation reactions 
involving homocysteine metabolism, which is 
critical for maintaining vascular health. Insufficient 
cobalamin availability leads to accumulation of 
homocysteine, a condition independently 
associated with endothelial dysfunction, oxidative 
stress, and heightened cardiovascular risk [5].  

Among individuals with impaired kidney function, 
cobalamin homeostasis may be disrupted due to 
reduced dietary intake, altered absorption, 
medication effects, and chronic inflammatory 
states.  

Additionally, declining renal clearance affects 
homocysteine elimination, amplifying the 
consequences of reduced cobalamin availability. 
Elevated homocysteine concentrations have been 
linked to accelerate vascular injury and worsening 
renal performance, suggesting a mechanistic 
relationship between altered cobalamin status and 
disease progression in hypertension-related kidney 
involvement [6]. Several investigations have 
reported a higher occurrence of reduced cobalamin 
levels among individuals with chronic renal 
impairment compared with the general population. 

This deficiency may contribute to anemia that is 
disproportionate to the degree of renal dysfunction, 
as well as neurological manifestations that 
negatively influence daily functioning. Given the 
substantial cardiovascular burden associated with 
hypertension-related kidney disease, assessment of 
cobalamin status may provide additional insight 
into disease severity and overall risk stratification 
[7]. 

Rationale and Objectives of the Study: Although 
the relationship between cobalamin deficiency and 
chronic renal disorders has been examined in 
several clinical contexts, information specifically 
addressing cobalamin status among individuals 
with hypertension-related kidney involvement 
remains scarce. Much of the existing literature 
centers on renal impairment associated with 
diabetes or heterogeneous chronic kidney disease 
groups, making it challenging to isolate the effects 
attributable specifically to blood pressure–related 
renal damage on cobalamin levels. Naraina 
Hospital and Research Center manages a 
substantial number of individuals with elevated 
blood pressure and associated renal involvement, 
offering a suitable setting for a focused evaluation 
within this distinct patient group. Examining the 
distribution and characteristics of altered cobalamin 
levels in this population may help identify a 
potentially correctable factor that could influence 
disease progression and related clinical outcomes. 

Accordingly, the present investigation was 
designed to examine circulating cobalamin 
concentrations among individuals with 
hypertension-related kidney involvement over a 
one-year period.  

By evaluating cobalamin status in relation to select 
clinical and laboratory indicators, this work seeks 
to expand current understanding of metabolic 
alterations associated with hypertension-related 
renal disease. The findings may support earlier 
recognition, comprehensive assessment, and 
improved supportive management strategies for 
affected individuals [8]. 

Methodology: This investigation was undertaken 
to determine circulating cobalamin concentrations 
among individuals with kidney involvement related 
to long-standing elevated blood pressure. The 
methodological framework emphasized consistent 
participant selection, uniform laboratory 
evaluation, and dependable interpretation of 
findings within a real-world clinical setting. 

Study Design and Participant Selection: A 
facility-based observational approach was 
implemented over a twelve-month duration at 
Naraina Hospital and Research Center. The study 
included 200 individuals identified with kidney 
involvement attributed to sustained high blood 
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pressure. Participants of different age categories 
and both sexes were recruited in accordance with 
predefined eligibility requirements. Eligibility was 
limited to individuals with a documented history of 
essential hypertension for a minimum of five years, 
accompanied by evidence of renal involvement, 
such as reduced filtration capacity or persistent 
urinary protein excretion, and no indication of 
alternative primary renal disorders. Diagnosis was 
established using clinical assessment supported by 
blood pressure records, laboratory data, and 
imaging findings where available. 

Individuals with glucose metabolism disorders, 
primary glomerular conditions, obstructive urinary 
tract pathology, or systemic illnesses affecting 
renal function were not considered eligible. 
Additional exclusion criteria included a history of 
chronic hepatic illness, malabsorption states, 
hematological abnormalities, or recent cobalamin 
supplementation within the preceding six months. 
Participants receiving medications known to 
interfere with cobalamin uptake, including 
prolonged use of gastric acid–suppressing agents or 
certain glucose-lowering drugs, were also excluded 
where applicable. Comprehensive clinical 
information was collected from all participants, 
including duration and management of elevated 
blood pressure, medication use, lifestyle practices, 
and coexisting medical conditions. Participation 
was preceded by documented consent, and all 
procedures were carried out in alignment with 
institutional ethical guidelines. 

Clinical and Laboratory Evaluation: All enrolled 
patients underwent thorough clinical examination 
with emphasis on blood pressure measurement, 
cardiovascular assessment, and signs suggestive of 
anemia or neurologic involvement. Blood pressure 
was recorded using a standardized 
sphygmomanometer after adequate rest, and the 
average of two readings was documented. 

Peripheral venous samples were obtained under 
sterile conditions following a period of overnight 
abstinence from food. Circulating cobalamin 
concentrations were determined using a validated 
immunoassay technique in accordance with 
manufacturer guidelines. Classification of 
cobalamin status was carried out using established 
laboratory reference limits. Additional laboratory 
evaluations included hemoglobin levels, serum 
creatinine, blood urea, and routine urine 
examination for detection of protein loss. Renal 
filtration capacity was derived using standard 
calculation formulas. Strict quality assurance 

measures were maintained throughout specimen 
handling, processing, and evaluation to ensure 
reliability and consistency of findings. All 
laboratory assessments were conducted in the 
institutional central laboratory using appropriately 
calibrated instruments. 

Data Collection and Statistical Analysis: Clinical 
and laboratory information was systematically 
documented using a predefined data recording 
format developed for this investigation. Participants 
were grouped according to cobalamin status and 
further examined in relation to demographic 
characteristics, duration of elevated blood pressure, 
and extent of renal impairment. 

Quantitative variables were summarized using 
measures of central tendency and dispersion, 
whereas qualitative variables were presented as 
counts and proportions. Relationships between 
cobalamin concentrations and selected clinical or 
laboratory indicators were examined using 
appropriate analytical techniques. Findings meeting 
the predetermined threshold were interpreted as 
statistically meaningful. The analytical approach 
focused on determining the frequency of reduced 
cobalamin levels among individuals with 
hypertension-related kidney involvement and 
identifying possible associations with renal and 
hematological indicators. Interpretation of results 
was carried out within the context of routine 
clinical practice and the inherent constraints of 
observational research. 

Results 

A total of 200 patients diagnosed with hypertensive 
nephropathy were included in the study. Adequate 
clinical and biochemical data were available for all 
participants, allowing comprehensive analysis of 
serum vitamin B12 levels in relation to 
demographic and renal parameters. 

Demographic and Clinical Characteristics: The 
study population comprised adults ranging from 
middle to older age groups, with the majority of 
patients belonging to the fifth and sixth decades of 
life. A male predominance was observed.  

Most patients had a long-standing history of 
hypertension, with a duration exceeding five years 
in a significant proportion of cases. Blood pressure 
control varied among patients, with many requiring 
multiple antihypertensive agents. The age and sex 
distribution of the study population is summarized 
in Figure 1. 
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Figure 1: Age-wise distribution of patients with hypertensive nephropathy (n = 200) 

 
Renal involvement was evident in all patients, with 
varying degrees of reduction in estimated 
glomerular filtration rate and presence of 
proteinuria.  

A substantial number of patients were in the early 
to moderate stages of chronic kidney disease, while 
a smaller proportion had advanced renal 
impairment. Anemia was commonly observed, with 
haemoglobin levels below normal reference ranges 
in a notable subset of patients. 

Serum Vitamin B12 Status: Serum vitamin B12 
levels showed considerable variation across the 
study population. Vitamin B12 deficiency was 
identified in a significant proportion of patients, 
while a smaller group exhibited borderline levels. 
The remaining patients had vitamin B12 levels 
within the normal reference range. The overall 
distribution of patients according to vitamin B12 
status is depicted in Figure 2. 

 

 
Figure 2: Distribution of serum vitamin B12 levels in patients with hypertensive nephropathy (n = 200) 

 
Patients with vitamin B12 deficiency more 
frequently demonstrated lower hemoglobin levels 
compared to those with normal vitamin B12 status.  

Although anemia was multifactorial in this 
population, vitamin B12 deficiency appeared to 
contribute to its severity in several cases. 

Neurologic symptoms were not systematically 
evaluated but were reported by a small number of 
patients with markedly reduced vitamin B12 levels. 

Association with Renal Function and Clinical 
Parameters: An inverse relationship was observed 
between serum vitamin B12 levels and the severity 
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of renal impairment. Patients with lower estimated 
glomerular filtration rates tended to have a higher 
prevalence of vitamin B12 deficiency. Similarly, 
those with longer duration of hypertension showed 
a greater tendency toward reduced vitamin B12 
levels. These associations suggest that progressive 
renal dysfunction and chronic hypertensive disease 
may influence vitamin B12 status. 

Proteinuria was more frequently observed in 
patients with vitamin B12 deficiency and 
borderline levels compared to those with normal 
vitamin B12 concentrations. While causality could 
not be established, this observation indicates a 
possible association between nutritional status and 
renal disease severity. Sex-based analysis revealed 
that vitamin B12 deficiency was slightly more 
common in male patients, although the difference 
was not statistically significant. Age-wise 
distribution showed a higher prevalence of 
deficiency in older age groups, reflecting potential 
dietary inadequacy, impaired absorption, or 
increased metabolic demand. 

Overall, FNAC? No. Correction: Overall 
biochemical analysis demonstrated that vitamin 
B12 deficiency is a common finding in patients 
with hypertensive nephropathy. The results 
highlight the importance of routine assessment of 
vitamin B12 levels in this patient population, 
particularly in those with advanced renal 
impairment, longer disease duration, and associated 
anemia. The detailed distribution patterns 
illustrated in Figure 1 and Figure 2 further 
emphasize the clinical relevance of vitamin B12 
evaluation in hypertensive nephropathy. 

Discussion 

Kidney involvement related to prolonged elevation 
of blood pressure constitutes an important yet 
frequently overlooked contributor to chronic renal 
dysfunction, particularly among individuals with 
long-standing or inadequately controlled 
hypertension. In recent years, increased focus has 
been placed on metabolic and nutritional influences 
that may affect renal deterioration and related 
systemic consequences. The present investigation 
examined circulating cobalamin concentrations in 
individuals with blood pressure–associated renal 
involvement and offers insight into the frequency 
and clinical significance of reduced cobalamin 
status within this group. The results indicate that a 
considerable proportion of affected individuals 
demonstrated reduced or borderline cobalamin 
concentrations. These findings align with earlier 
reports describing altered cobalamin status among 
individuals with chronic renal impairment arising 
from diverse causes [9]. While insufficient 
cobalamin levels have traditionally been linked to 
dietary inadequacy or malabsorption, their 
occurrence in blood pressure–related renal disease 

suggests a multifactorial origin. Contributing 
factors may include reduced intake, impaired 
gastrointestinal uptake, persistent inflammatory 
states, and metabolic disturbances secondary to 
declining renal function. 

A key observation in this investigation was the 
greater occurrence of reduced cobalamin 
concentrations among individuals with more 
advanced impairment of renal function. 
Comparable associations have been described 
previously, where worsening kidney performance 
was accompanied by disturbances in cobalamin 
handling and elevated homocysteine concentrations 
[10]. Diminished renal clearance of homocysteine, 
together with inadequate cobalamin availability, 
may promote endothelial dysfunction and 
accelerate vascular injury. This mechanism is 
particularly relevant in blood pressure–associated 
renal disease, where vascular damage plays a 
central role in ongoing disease progression. 

Anemia was commonly observed in patients with 
vitamin B12 deficiency in this study. While anemia 
in chronic kidney disease is primarily attributed to 
reduce erythropoietin production, nutritional 
deficiencies such as vitamin B12 deficiency may 
exacerbate its severity. Previous research has 
highlighted that vitamin B12 deficiency can 
contribute to anemia that is disproportionate to the 
degree of renal dysfunction, potentially 
complicating clinical management [11]. 
Identification and correction of vitamin B12 
deficiency may therefore have therapeutic 
implications in improving hematological 
parameters and overall patient well-being. 

 The association between longer duration of 
hypertension and lower vitamin B12 levels 
observed in this study further supports the concept 
that chronic disease burden influences nutritional 
status. Prolonged hypertension leads to progressive 
renal damage, increased oxidative stress, and 
chronic low-grade inflammation, all of which may 
interfere with nutrient absorption and metabolism. 
Earlier studies have also suggested that patients 
with long-standing hypertension are at increased 
risk of micronutrient deficiencies due to dietary 
restrictions, polypharmacy, and comorbid 
conditions [12]. 

Urinary protein loss was observed more frequently 
among participants with reduced cobalamin levels 
in the present investigation. Although a direct 
cause–effect relationship cannot be confirmed, this 
observation suggests a possible association 
between altered cobalamin status and more severe 
renal involvement. Earlier reports have described 
links between elevated homocysteine 
concentrations and increased urinary protein 
excretion, indicating that disrupted homocysteine 
handling may contribute to glomerular damage 
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[13]. Given the role of cobalamin in homocysteine 
regulation, reduced availability of this 
micronutrient may indirectly influence renal 
vascular integrity. The clinical relevance of reduced 
cobalamin levels extends beyond kidney-related 
outcomes, as it has also been associated with 
heightened cardiovascular vulnerability, 
neurological impairment, and diminished overall 
well-being. Individuals with blood pressure–related 
kidney disease already face elevated cardiovascular 
risk, and coexisting cobalamin insufficiency may 
further intensify this risk through endothelial 
dysfunction and prothrombotic mechanisms [14]. 
Incorporating evaluation of cobalamin status in this 
population may therefore support more 
comprehensive risk assessment and integrated 
patient management. 

Despite these observations, the role of cobalamin 
supplementation in blood pressure–related kidney 
disease remains an area of active discussion. While 
some investigations have demonstrated reductions 
in homocysteine concentrations following 
supplementation, effects on renal outcomes and 
cardiovascular events have been inconsistent [15].  

Nevertheless, identification of reduced cobalamin 
levels remains clinically relevant, particularly 
among individuals presenting with anemia or 
neurological manifestations, where corrective 
therapy may provide symptomatic benefit. The 
results of the present investigation align with prior 
reports emphasizing the importance of broader 
metabolic assessment in chronic renal disease. 
Measurement of cobalamin status is 
straightforward, widely accessible, and relatively 
low in cost. Its inclusion in routine evaluation of 
individuals with hypertension-related renal 
involvement may help identify a modifiable 
abnormality with potential implications for disease 
progression and overall outcomes [16]. 

Certain limitations of the present work should be 
acknowledged. The observational nature of the 
investigation limits the ability to establish causal 
relationships. Homocysteine concentrations were 
not measured, which could have provided 
additional insight into metabolic pathways 
associated with altered cobalamin status.  

Dietary intake and gastrointestinal absorption were 
also not evaluated, restricting assessment of 
underlying contributors to reduced levels. 
Furthermore, the investigation was conducted at a 
single center, which may limit generalizability. 
Despite these constraints, the findings add 
meaningful data regarding cobalamin status in a 
relatively underrepresented patient group [17]. 
Overall, the results highlight the importance of 
considering reduced cobalamin levels as a common 
and clinically relevant finding in individuals with 
hypertension-related kidney involvement. Future 

longitudinal and interventional studies are needed 
to clarify its role in disease progression and to 
inform evidence-based recommendations for 
screening and management. 

Conclusion 

The present study highlights that vitamin B12 
deficiency is a frequent and clinically relevant 
finding in patients with hypertensive nephropathy. 
A substantial proportion of the study population 
demonstrated low or borderline serum vitamin B12 
levels, particularly among individuals with longer 
duration of hypertension and more advanced renal 
impairment. These findings suggest that altered 
vitamin B12 status may be an important yet under 
recognized component of the metabolic 
disturbances associated with hypertension-related 
renal disease. Vitamin B12 deficiency was 
commonly associated with anemia and appeared to 
correlate with markers of disease severity, 
emphasizing its potential impact on both renal and 
systemic outcomes. Although the observational 
nature of the study limits causal inference, the 
results underscore the value of routine assessment 
of vitamin B12 levels as part of a comprehensive 
evaluation of patients with hypertensive 
nephropathy. Early identification of deficiency 
offers an opportunity for timely intervention, which 
may contribute to improved hematological status, 
reduced metabolic complications, and better overall 
patient care. Given the simplicity, affordability, and 
accessibility of vitamin B12 testing, its 
incorporation into routine clinical practice may 
enhance disease monitoring and risk stratification 
in this high-risk population. Further multicentric 
and longitudinal studies are warranted to elucidate 
the mechanistic links between vitamin B12 
deficiency and hypertensive nephropathy and to 
determine whether targeted supplementation can 
favorably influence renal progression and 
cardiovascular outcomes. 
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