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‘ ABSTRACT ’ Background: Sepsis, a systemic inflammatory response to infection, poses high mortality risks, especially in cases with
organ dysfunction or shock. Globally, it affects around 31 million people annually, with vitamin D deficiency—a

common issue in India—linked to increased sepsis susceptibility and ICU mortality. Thiamine deficiency further exacerbates sepsis by causing
lactic acidosis and impaired metabolism. This study explores associations between vitamin D, thiamine, and lactate levels with sepsis severity,
aiming to enhance prognostic evaluations and therapeutic approaches. Methods: The study at Al-Ameen Medical College investigated the
relationship between vitamin D, thiamine, and serum lactate levels in patients aged 18 and older admitted with sepsis. It included patients
meeting systemic inflammatory response syndrome (SIRS) criteria with organ dysfunction. Exclusions were pregnancy, malabsorption
syndromes, hepatic dysfunction, and vitamin supplement use. Demographic and clinical data were collected, and serum 25(OH)D, thiamine, and
lactate levels were measured within 24 hours using chemiluminescence immunoassay (CLIA). Vitamin D deficiency was defined as <30 ng/mL,
and thiamine deficiency as <9 nmol/L. Lactate levels >4 mmol/L indicated poor prognosis. Results: Our study investigated the association of
vitamin D, thiamine, and serum lactate with sepsis severity and outcomes in 100 patients aged 18 years and above. Most participants were males
(67%) and over 60 years old (57%). Common comorbidities included diabetes (34%) and hypertension (31%). Results showed a high prevalence
of vitamin D insufficiency (67%) and normal thiamine levels (93%), with elevated lactate levels in 21%. Patients with higher sepsis severity had
significantly lower vitamin D and thiamine levels and higher lactate levels (p <0.001). Mortality predictors included age over 60, hypertension,
CKD, and dialysis requirement. Conclusion: Our study effectively demonstrated significant associations between lower vitamin D and thiamine
levels, higher serum lactate, and increased sepsis severity and mortality. These findings justify the objective by highlighting the potential role of
these biomarkers in predicting sepsis outcomes, suggesting that monitoring and supplementation could enhance treatment strategies, ultimately

improving prognosis and reducing mortality in sepsis patients.
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INTRODUCTION:

Sepsis, a systemic inflammatory response to microbial infections, can
escalate to "severe sepsis" when it leads to organ dysfunction. If severe
sepsis includes hypotension unresponsive to fluid infusion, it
progresses to "septic shock," marked by high mortality and morbidity.'
Despite advancements in medical care, sepsis remains a leading cause
of death in critically ill patients worldwide, with an estimated 31
million cases annually, including 19 million severe cases and 5.3
million deaths.” Infection prevention remains crucial for reducing
sepsis incidence and improving outcomes.’

Vitamin D deficiency, prevalent in India despite ample sunlight, is a
significant factor in sepsis prognosis. Low serum vitamin D levels
impair immune response, increasing susceptibility to severe infections
and mortality in ICU admissions. This deficiency underscores a public
health need for vitamin D fortification in Indian foods. Patients with
low vitamin D levels are at higher risk of developing sepsis, with
studies confirming its essential role in immune modulation and sepsis
prevention.*

Thiamine (vitamin B1) deficiency is common among septic patients,
especially in septic shock cases. Essential for energy production,
thiamine deficiency leads to increased lactate levels due to anaerobic
metabolism, contributing to lactic acidosis and impaired metabolism.™
Elevated lactate levels signal tissue hypoperfusion and increased
mortality risk, highlighting the potential of lactate as a prognostic
marker in sepsis.” This study investigates correlations between vitamin
D, thiamine, and lactate levels with sepsis severity, assessing their
roles in predicting outcomes, including mortality and discharge, for
better clinical management.

METHODOLOGY:

Our prospective cross-sectional study was conducted in the
Department of General Medicine at Al-Ameen Medical College,
Vijayapura, from September 2022 to February 2024, covering an 18-

month period. The study included patients aged 18 and above,
admitted to the Medicine wards or Intensive Care Unit (ICU) with
sepsis, severe sepsis, or septic shock, and meeting at least two systemic
inflammatory response syndrome (SIRS) criteria. Exclusion criteria
encompassed patients under 18, pregnant individuals, those with
malabsorption, hepatic dysfunction, on vitamin-interfering
medications, or those refusing consent.

Demographic data, medical histories, and comprehensive physical
examinations were conducted at admission. Routine hematologic and
biochemical tests, including complete blood count, liver and renal
function tests, and serum electrolytes, were performed, alongside urine
and blood cultures. Serum levels of 25(OH)D, thiamine, and lactate
were measured within 24 hours of admission. A qSOFA score was
utilized to assess infection risk in non-ICU patients. Blood samples
were collected and processed to measure vitamin D and thiamine
levels using chemiluminescence immunoassay (CLIA) with a defined
threshold for deficiency. Serum lactate levels were measured, with
levels >4 mmol/L at 24 hours considered predictive of poor outcomes.

Data was entered into Microsoft Excel and analyzed using SPSS
version 26. Categorical variables were expressed as frequencies and
proportions, with chi-square or Fisher's exact test applied as
appropriate. Continuous data was tested for normality and analyzed
using independent t-tests or Mann-Whitney U tests for skewed
distributions. A p-value <0.05 was deemed statistically significant.

RESULTS:

In our study, 57% were over 60 years old, with a mean age of 59.2 +
9.52 years, indicating a predominance of older adults, aligning with
known vulnerability to sepsis in this age group. Males constituted 67%
of the sample, suggesting a potential higher incidence or reporting of
sepsis among men. Comorbidities were common, including diabetes
(34%), hypertension (31%), chronic kidney disease (24%), and acute
febrile illness (19%). (Table 1)

26| INDIAN JOURNAL OF APPLIED RESEARCH [




Volume - 14 | Issue - 12 | December - 2024 | PRINT ISSN No. 2249 - 555X | DOI : 10.36106/ijar

Table 1: Characteristics Of The Study Subjects

Subjects (N=100) Frequency (N) [Percentage (%)
Age group <60 years |43 43.0%

>60 years |57 57.0%
Gender Male 67 67.0%

Female [33 33.0%
Comorbidities DM 34 34.0%

HTN 31 31.0%

CKD 24 24.0%

AFI 19 19.0%

None 20 20.0%

Vital signs showed 62% of subjects were febrile, with a mean pulse rate
of 100.78 = 13.88 bpm, tachycardia, and an average respiratory rate of
2491 + 2.39 cpm, indicating respiratory distress. Blood pressures
(mean SBP 106.02 + 10.94 mmHg, mean DBP 69.98 + 9.34 mmHg)
suggested hypotension, and an average GCS score of 12.91 + 1.95
indicated altered mental status, highlighting sepsis-related clinical
instability.

About 67% cases had vitamin D levels below 30 ng/mL, with a mean of
24.32 +9.52 ng/mL, ranging from 8.40 to 42.50 ng/mL, and a median
of 23.10 ng/mL, highlighting a high prevalence of insufficiency
potentially impacting immune response in sepsis. Thiamine levels
were sufficient in 93% of subjects, with a mean of 40.35 + 21.93
nmol/L, a range of 5.70 to 79.70 nmol/L, and a median of 39.80
nmol/L, indicating adequate metabolic function. Serum lactate levels
averaged 2.66 + 1.29 mmol/L, ranging from 1.30 to 5.50 mmol/L, with
21% exceeding 4.0 mmol/L, underscoring the importance of lactate
monitoring for timely interventions. (Table 2)

Table 2: Biochemical Examination

Subjects (N=100 Frequency (N) | Percentage (%)
Vitamin D <30 ng/mL 67 67.0%
>30 ng/mL 33 33.0%
Serum Thiamine {<9.0 nmol/L |7 7.0%
>9.0 nmol/L |93 93.0%
Serum Lactate  [<4.0 mmol/L |79 79.0%
>4.0 mmol/L |21 21.0%

In our study, 20% of subjects required dialysis, indicating severe renal
impairment, and the mean ICU stay was 7.11 days (range 4—13, median
6), reflecting the high morbidity associated with sepsis. A survival rate
of 92% demonstrates effective management, with only 8% mortality,
underscoring the importance of timely, aggressive sepsis intervention
to improve outcomes and reduce mortality in critically ill patients.
(Figure 1)
Final outcome

= Alive = Dead

Figure 1: Final Outcome Of The Study Subjects

Analysis shows that a qSOFA score of 3 correlates with worse
outcomes in sepsis, particularly among older patients (>60), those with
diabetes, hypertension, or chronic kidney disease, and those requiring
dialysis (p <0.001). These factors highlight the need for focused
monitoring in severe cases. Additionally, higher gSOFA scores were
linked to lower vitamin D (mean: 13.99 ng/mL vs. 29.65 ng/mL) and
thiamine (16.11 nmol/L vs. 52.84 nmol/L) levels, and elevated lactate
(4.34 mmol/L vs. 1.79 mmol/L), suggesting their role as biomarkers
forrisk assessment and prognosis in sepsis. (Table 3)

Table 3: Correlation With Severity Of Sepsis

Subjects (N=100) qSOFA p-value’
2 3
Vitamin D (in ng/mL) Mean 29.65 [13.99 |<0.001*
SD 7.02 |2.83
Minimum |18.30 |8.40
Median 30.00 [14.10
Maximum [42.50 [18.10
Thiamine (in nmol/L) Mean 52.84 |16.11 [<0.001*
SD 15.71 |6.31
Minimum 2540 |5.70
Median 52.30 [17.45
Maximum |79.70 [24.90
Lactate (in mmol/L) Mean 1.79 14.34 [<0.001*
SD 0.24 |0.66
Minimum [1.30 |3.40
Median 1.80 |4.25
Maximum [2.60 [5.50

#Independent t-test
* Statistically significant

Mortality analysis identified key predictors: patients over 60 had a
14% mortality rate, while younger patients had none (p = 0.010).
Hypertension and chronic kidney disease also elevated mortality risks
(19.4% and 29.2%, respectively). Dialysis need was a critical
predictor, with a 35% mortality rate (p <0.001), and a qSOFA score of 3
correlated with a 23.5% mortality (p < 0.001). Survivors had
significantly higher vitamin D (25.55 ng/mL vs. 10.23 ng/mL) and
thiamine levels (43.17 nmol/L vs. 7.90 nmol/L), while non-survivors
had elevated lactate (5.10 mmol/L vs. 2.44 mmol/L), suggesting these
biomarkers' prognostic value. (Table 4)

Table 4: Correlation With Final Outcome

Subjects (N=100) Outcome p-value’
Alive |Dead
Vitamin D (in ng/mL) [Mean 25.55 110.23 [<0.001*
SD 8.91 1.73
Minimum 11.50 |8.40
Median 24.30 [9.75
Maximum 42.50 |13.00
Thiamine (in nmol/L) [Mean 43.17 |[7.90 [<0.001*
SD 20.55 |2.03
Minimum 8.10 5.70
Median 42.55 |7.35
Maximum 79.70 111.80
Lactate (in mmol/L) [Mean 2.44 5.10 <0.001*
SD 1.11 0.35
Minimum 1.30 4.40
Median 1.90 5.15
Maximum 5.30 5.50

#Independent t-test
* Statistically significant

DISCUSSION:

This study at Al-Ameen Medical College examined adults (>18 years)
with sepsis, severe sepsis, or septic shock. Patients met at least two
SIRS criteria, excluding those under 18, pregnant, with hepatic
dysfunction, or on medications affecting vitamin D / thiamine
metabolism. Within 24 hours of admission, key biomarkers—serum
25-hydroxyvitamin D, thiamine, and lactate—were measured. The
quick Sequential Organ Failure Assessment (QSOFA) score was used
to assess the severity of sepsis.

Characteristics Of The Study Subjects
Older adults represented a significant proportion of the cohort, with
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57% aged over 60, aligning with Olejarova M et al’, who reported a
mean age of 59.3 years among sepsis patients. Similar findings from
Seok H et al’, Heming N et al”, and Liu Z et al" indicate that elderly
patients are particularly vulnerable to sepsis due to age-related
immune decline, underscoring the need for targeted management
strategies for older populations in sepsis care.

Males comprised 67% of the study population, a trend consistent with
Olejarova M et al’, Heming N et al"’, and Liu Z et al", each of whom
reported a higher prevalence of sepsis among males. Seok H et al’
observed a male predominance of 46.5%, while Donnino MW et al”
found an equal gender distribution. These findings suggest that male
patients may face heightened sepsis risks, potentially due to biological
or social factors that warrant further investigation.

Diabetes mellitus (34%) and hypertension (31%) were prominent
comorbidities in this study, reflecting a trend seen in other studies.
Seok H et al’ noted similar conditions using the Charlson comorbidity
index, while Heming N et al" identified hypertension and chronic
pulmonary disease as common among sepsis patients. These studies
highlight chronic diseases as risk factors that exacerbate sepsis
severity, emphasizing the need to manage underlying conditions to
improve sepsis outcomes.

Examination Findings

Vital signs showed clinical instability, with 62% of patients febrile, a
mean pulse of 100.78 bpm, and a respiratory rate 0of 24.91 cpm. Similar
physiological stress markers were observed by Heming N et al”
(median heart rate 100 bpm, temperature 38.5°C) and Liu Z etal"’, who
noted a correlation between elevated heart rates and sepsis severity.
These findings affirm the importance of monitoring vital signs as
immediate indicators of sepsis severity.

Vitamin D Levels

Vitamin D deficiency was prevalent, with 67% of subjects showing
levels below 30 ng/mL. This aligns with findings by Olejarova M et al’,
who noted widespread deficiency in sepsis patients, and Seok H et al’,
who associated low vitamin D with increased mortality. Across
studies, vitamin D deficiency appears to be a modifiable risk factor,
suggesting that addressing it in clinical practice may benefit sepsis
outcomes.

Serum Thiamine Levels

Although 93% of patients in this study had thiamine levels above 9
nmol/L, thiamine depletion can occur during severe illness. Heming N
etal" found lower thiamine levels among non-survivors, and Donnino
MW et al” identified 20% of patients developing thiamine deficiency
within 72 hours. This evidence underscores the importance of
monitoring thiamine to prevent metabolic complications in septic
patients.

Serum Lactate Levels

Elevated lactate levels were observed in 21% of patients, indicating
poor prognosis. Elevated lactate has been consistently shown as a
marker of sepsis severity across multiple studies, including those by
Olejarova M etal’, Seok Hetal’, and Liu Z et al Lactate's utility as an
indicator of hypoperfusion and predictor of mortality highlights its
role as a critical biomarker in sepsis management.

Outcomes

The average ICU stay was 7.11 days, with 20% of patients requiring
dialysis, underscoring the substantial morbidity associated with sepsis.
Olejarova M et al® reported high morbidity linked to severity markers,
while Seok H et al’ noted ICU admissions in 60.5% of sepsis cases.
These findings emphasize the need for comprehensive management,
including metabolic support, for patients with severe sepsis.

The survival rate in this study was 92%, indicative of effective
management protocols. Olejarova M et al’ similarly observed
improved survival rates with sufficient vitamin D levels. Seok H et al’
linked vitamin D deficiency with higher mortality, reinforcing its
potential role in improving sepsis outcomes. The alignment of findings
across studies suggests that addressing nutritional deficiencies can
contribute to better prognosis in sepsis patients.

Correlation with Sepsis Severity

The study found correlations between low vitamin D, low thiamine,
and high lactate levels with sepsis severity. Studies by Olejarova M et
al’ and Seok H et al” have similarly demonstrated vitamin D's and

lactate's roles in predicting sepsis severity, while Heming N et al”
highlighted thiamine deficiency's impact. These biomarkers could aid
in risk stratification, informing targeted interventions to reduce sepsis
severity.

Correlation with Final Outcome

Vitamin D, thiamine, and lactate levels were linked to sepsis outcomes,
reinforcing their prognostic value. Previous studies by Olejarova M et
al’, Seok H et al’, Heming N et al”, and Liu Z et al" support these
findings, underscoring the potential of these biomarkers as therapeutic
targets. Monitoring and correcting deficiencies may guide clinical
decisions to improve survival and recovery in sepsis patients.

CONCLUSION:

This study investigated the association of vitamin D, thiamine, and
serum lactate with sepsis severity and outcomes in 100 patients. It
found that 67% of participants had vitamin D insufficiency, while 7%
had thiamine deficiency, and 21% showed elevated lactate levels.
Higher qSOFA scores, indicating severe sepsis, were linked with older
age, diabetes, hypertension, chronic kidney disease, and dialysis
requirement. These factors correlated with increased mortality,
highlighting their importance in assessing sepsis severity. Survivors
had higher vitamin D and thiamine levels and lower lactate levels,
emphasizing these biomarkers' potential in predicting sepsis outcomes
and guiding therapeutic strategies.
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