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ABSTRACT 
 

Introduction: Thiamine deficiency has historically affected countries and populations consuming 
milled white rice. Thiamine deficiency in infants can have an acute presentation of encephalopathy 
with shock with severe metabolic acidosis and death sometimes, if not promptly treated with an 
intravenous dose of thiamine. 
Aims: To study the biochemical deficiency of thiamine in exclusively breastfed infants presenting 
with encephalopathy and compare them with age-matched controls and to study their clinical 
course and short-term outcome (till discharge). 
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Materials and Methods: After dividing infants into four groups based on age in days: (31-60 days; 
13 in cases and 8 in controls; 61-90; 4 in cases and 3 in controls; 91-120 days; 2 in cases and none 
in controls; and >120 days 4 each in cases and controls. This study primarily included the selection 
of case/control subjects. Two case-control analyses were conducted. In the first one, blood 
thiamine levels were compared between infants with encephalopathy and without encephalopathy. 
In the second one, breast milk thiamine levels were compared between infants with encephalopathy 
and without encephalopathy. Student's independent t-test was used for statistical analysis. 
Results: Out of 38 infants, 23 had presented with encephalopathy, and 15 were healthy taken as 
controls. The mean blood levels of thiamine in infants with encephalopathy in cases were 
17.29nmol/l with a Standard deviation of 8.86: the levels ranged between 13.47 and 21.13. The 
mean value of controls was 51.31, with a Standard deviation of 25.52 ranging between 23.25 and 
124.7. The P value was <0.001 and was considered statistically significant. The ROC analysis of 
the data obtained from thiamine levels obtained in the study 'patient's blood compared with the 
control group. 
Conclusion: Thiamine deficiency can be clinically and biochemically attributed to the presentation 
of infants with acute encephalopathy. 
 

 
Keywords: Thiamine levels; breastfed infants; shock; encephalopathy; metabolic acidosis. 
 

1. INTRODUCTION 
 
Thiamine (Vitamin B1) is an essential micro-
nutrient with dual co-enzymatic and non-co 
enzymatic functions. It is involved in 
carbohydrate and branched-chain amino acid 
metabolism and in the production of 
neurotransmitters, myelin, and nucleic acids           
[1-4]. In pediatrics, the clinical picture of thiamine 
deficiency (TD) is not easy to recognize, 
mimicking or being confused with other diseases. 
Not surprisingly, the likelihood of misdiagnosis of 
TD is even greater in resource-limited settings  
[5-7]. Despite being easily treatable, TD 
continues to be seen in all age groups in both 
high and low resource countries with potentially 
severe and life-threatening consequences [8-11]. 
Thiamine deficiency global prevalence is poorly 
documented. It principally affects precarious 
communities where children are most vulnerable 
and where dietary habits rely on refined 
processed cereals or tubers (e.g., rice, wheat, 
cassava). Thiamine deficiency presents many 
challenges to clinicians due to the broad clinical 
spectrum of manifestations (metabolic, 
neurologic, cardiovascular, respiratory, 
gastrointestinal, and musculoskeletal) and the 
frequent overlap in signs and symptoms of 
thiamine deficiency disorders with other 
disorders, leading to misdiagnoses that can have 
fatal consequences or permanent neurologic 
sequelae [12,13]. 
 
The earliest presentation of TD in breastfeeding 
infants up to 3 months of age  include non-
specific signs like loud piercing cry and colic and 
eventually edema, cyanosis, unexplained 

metabolic acidosis ophthalmoplegia, nystagmus, 
encephalopathy, lactic acidosis and congestive 
heart failure may appear [6,14-20]. If undetected 
at this stage, death can occur within hours but 
prompt recognition and treatment with injectable 
thiamine can rapidly reverse the clinical picture 
and drastically improve the prognosis. Later, at 
4–7 months, the infant is more likely to present 
with an aphonic form. After increasing cough and 
dyspnea, the cry changes from hoarse to 
soundless "("aphonic cry""). Similar to the 
younger infant, without treatment this condition 
can evolve into severe acute congestive heart 
failure, edema, respiratory distress, and 
eventually death within a few days [20]. Acute 
Infants who are exclusively breastfed are 
dependent on breast milk for all their nutritional 
requirements. Hence thiamine deficiency in 
breastfed infants can be taken as an index for 
the prevalence of thiamine deficiency in a 
community or population. 
 
In our state, many patients in the age group 1 to 
6 months have presented to us with unexplained 
severe metabolic acidosis with encephalopathy 
of acute onset. With the dietary practices, and 
the biological plausibility of thiamine deficiency in 
such patients, patients have been empirically 
treated with thiamine supplementation as the first 
line treatment. The response to such treatment 
has been quick and complete. No scientific study 
with detection of thiamine levels in patients is 
available in the valley which was the reason to 
carry out this study. The aim of this study is to 
identify such patients and draw their blood 
samples along with their 'mother's breast milk 
samples and look for thiamine deficiency. 
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2. MATERIALS AND METHODS 
 
This  case control study  was conducted in the 
Department of Paediatrics, GB Panth Children 
Hospital Srinagar an associated hospital of Govt. 
Medical College, Srinagar from August 2017 to 
July 2019 in collaborative efforts with 
Biochemistry and Molecular Biotechnology 
Laboratory (in collaboration with ICMR) Division 
of Basic Sciences, SKUAST-K, Shalimar 
campus.  
 
This study primarily included the selection of 
case/control subjects. Two case-control analyses 
were conducted. In the first one, blood thiamine 
levels were compared between infants with 
encephalopathy and without encephalopathy. In 
the second one, breast milk thiamine levels were 
compared between infants with encephalopathy 
and without encephalopathy. Student's 
independent t-test was used for statistical 
analysis. 
 
The diagnosis of encephalopathy was based on 
the presence of at least any two of the following 
symptoms:- 
 

 Altered state of consciousness. 

 Seizures  

 Altered behavior 
 
Laboratory investigations included breast milk 
and blood samples for estimating thiamine levels 
and its phosphate esters in both cases and 
controls. Other routine investigations include 
blood counts, serum biochemistry and 
electrolytes, blood sugar and blood gasses. CSF 
examination was done in suspected cases of 
meningitis. TMS and GCMS were done in 
suspected cases of inborn errors of metabolism. 
Detailed epidemiological, dietary, clinical, 
laboratory and treatment data of patients were 

obtained. Age matched exclusive breast fed 
infants admitted in hospital and who needed 
sampling for reasons other than encephalopathy 
served as controls. All infants admitted to us after 
getting blood sample collected received IV 
thiamine. Their clinical progress was assessed 
from time to time as per the diagnostic criteria of 
encephalopathy. 
 
Inclusion Criteria:-All exclusively breastfed 
infants of age one month or above who 
presented with unexplained encephalopathy 
along with their breast fed mothers and 
exclusively breast fed infants admitted in   
hospital for conditions not associated with 
encephalopathy served as controls. 
 
Exclusion criteria:-Infants in whom alternative 
etiology of encephalopathy was established on 
clinical history, examination and investigations, 
Infants of age less than one month and Infants 
on formulae. 
 

3. RESULTS 
 
Our study consisted of total of 38 patients, 
among whom males and females comprised of 
26 and 12 respectively. Patients were classified 
into four groups on the basis of age as shown in 
[Table 1]. The percentage of controls aged more 
than 120 days was higher than cases, as due to 
paucity of funds we couldn’t get any control aged 
between 91-120 days. 
 
In our study the mean blood levels of thiamine in 
cases was 17.29nmol/l with a Standard deviation 
of 8.86, the levels ranged between 13.47 and 
21.13. The mean value of controls was 
51.31nmol/l with a Standard deviation of 25.52 
ranging between 23.25 and 124.7. The P value 
was <0.001 and was statistically significant as 
depicted in [Table 2]. 

 
Table 1. Age distribution 

 

Age(Days) Cases Controls P-value 

No. %age No. %age 

31-60 Days 13 56.5 8 53.3 0.921 
61-90 Days 4 17.4 3 20 
91-120 Days 2 8.7 0 0 
>120 Days 4 17.4 4 26.7 

Total 23 100 15 100 

Mean ±SD (Range) 85.4±47.39(31-180) 83.7±54.04(35-180) 

 
 
 



 
 
 
 

Mehraj et al.; Asian J. Pediatr. Res., vol. 11, no. 4, pp. 16-22, 2023; Article no.AJPR.97547 
 
 

 
19 

 

Table 2. Comparison based on thiamine levels in baby's blood between cases and controls 
 

Group Mean SD Range 95%CI t-value P-value 

Cases (n=23) 17.29 8.86 3.46-38.56 13.47-21.13 5.39 <0.001* 
Controls(n=15) 51.31 27.52 23.25-124.7 36.07-66.55 

*Statistically Significant Difference (P-value<0.05) 

 
Table 3. Comparison based on thiamine levels in mother’s breast milk between cases an 

controls 
 

Group Mean SD Range 95%CI t-value P-value 

Cases 108.16 58.93 16.33-214.92 82.68-133.65 5.539 <0.001* 
Controls 252.68 66.7 159.33-361.2 215.74-289.62 

*Statistically significant difference (P-value<0.05) 

 
Table 4. Diagnostic accuracy of thiamine 

 

  Value 95%CI 

Optimal cut-off d25.14   

Sensitivity 86.9 66.4-99.72 

Specificity 93.3 68.1-99.9 

Positive predictive value(PPV) 95.2 76.2-99.99 

Negative predictive value (NPV) 82.4 56.7-96.2 

Accuracy 89.5   

Area under the curve  0.962 0.844-0.997 

P-value <0.01   

 
Table 5. Diagnostic accuracy of thiamine levels in mother’s breast milk for predicting thiamine 

responsive encephalopathy in their infants 
 

  Value 95%CI 

Optimal cut-off d153.7   
Sensitivity 82.6 61.2-95.1 
Specificity 100 78.2-100 
Positive predictive value (PPV) 100 82.4-100 
Negative predictive value (NPV) 78.9 54.4-93.9 
Accuracy 89.5   
Area Under the curve 0.962 0.8444-0.997 
P-value <0.001   

 
In our study the mean thiamine levels in 
'mother's breast milk in cases was 108.16mcg/l 
with a standard deviation of 58.93 and a range 
between 16.33 and 214.92 in cases. Thiamine 
levels in breast milk in controls revealed a mean 
of 252.68mcg/l, with a standard deviation of 
66.70 and a range of 159.33 and 361.2. The 
95% Confidence Interval was 82.68-133.65 in 
cases and 215.74-289.62 in controls. T value 
was 5.53 and P value was <0.001 & was 
statistically significant as shown in [Table 3]. 
 
Table 4 shows ROC analysis of the data 
obtained from thiamine levels obtained in study 
patient's blood compared with control group. In 

this study if we take a cut off level of 25.14 for 
predicting thiamine responsive encephalopathy 
in patients, a sensitivity of 86.9%, specificity of 
93.3%, a positive predictive value of 95.2%, 
negative predictive value of 82.4%. An overall 
accuracy of 89.5% was obtained and a p value 
was 0.001 
 
Table 5 shows diagnostic accuracy of thiamine 
levels in 'mother's breast milk for predicting 
thiamine responsive encephalopathy in their 
infants. At a cut off value of 153.7 a sensitivity of 
82.6%, a specificity of 100 percent, a positive 
predictive value of 100%, a negative                
predictive value of 78.9 was obtained. An 
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accuracy of 89.5 was obtained. The p value was 
less than 0.001. 
 

3.1 Statistical Analysis 
 
The recorded data was compiled and entered in 
a Spreadsheet (Microsoft Excel) and then 
exported to data editor of SPSS version 
20.0(SPSS Inc., Chicago, Illinois, USA). 
Continuous variables were exported as Mean+-
SD and categorical values were summarized as 
frequencies and percentages. Graphically the 
data was presented by Bar and Pie diagrams. 
Shapiro-Wilk Test and Normal Probability Plot 
were used to test for normality of data. Students 
Independent T Test were used for comparison of 
continuous variables. Chi-Square Test/Fishers 
Exact. Test, wherever appropriate were 
employed for comparison of categorical 
variables. ROC analysis was employed to 
determine diagnostic accuracy of optimal cut off 
for thiamine levels in 'baby's blood and 
corresponding mothers lactating milk for 
predicting encephalopathy in patients. 
 

4. DISCUSSION 
 
Thiamine deficiency has historically affected 
countries and populations consuming milled 
white rice. Polished rice is the staple diet in 
Kashmir.. Infants who are exclusively breastfed 
are dependent on breast milk for all their 
nutritional requirements. Hence thiamine 
deficiency in breastfed infants can be taken as 
an index for the prevalence of thiamine 
deficiency in a community or population. 
Exclusively breastfed infants between 1-6 
months of age who presented with unexplained 
encephalopathy and with severe acute life 
threatening metabolic acidosis were included in 
study. The statistical analysis revealed that 
cases and controls did not differ significantly in 
age and sex The mean age of presentation for 
cases in our study was 86 days which was in 
similarity to mean age of presentation 95 days as 
reported by [21] and 51 days as reported by [22]. 
The most common symptom observed in our 
study was decreased feeding noted in 87% of the 
patients. Other symptoms were lethargy in 70%, 
irritability in 14%, moaning in 52.2%, vomiting in 
10%, fast breathing in 30.4%, constipation like 
non-specific symptom in 13% and seizures in 
9%. The presenting symptoms were in similarity 
to symptoms reported by [22,21,23]. The most 
common signs at admission in our study were 
shock in 65% patients, acidotic breathing in 48%, 
vacant stare in 43% and gasping respiration in 

39% of the study group. The investigations 
revealed a Hb. of 8.6-13.9g/dl with a mean 10.76 
and a standard deviation of 1.58. Sodium was 
129-157mmol/l with a mean of 142.1 and a 
standard deviation of 7.13. Potassium was 3.1-
5.1mmol/l with a mean of 4.07 and a standard 
deviation of 0.49. Lactate levels ranged from 
5mmol/l to above detectable limits. pH ranged 
from below detectable limits to 7.3. Similar 
reports were obtained by [22] who reported a 
mean Hb of 9.1, mean Na of 137meq/l, Mean K 
of 4.3, Lactate levels 5->15, pH was <6.8-7.2. 
Cranial ultrasonography was done in all cases 
and 11 out of 23 (47%) patients were observed 
to have findings consisting with [24] who found 
hyperechoic appearance of basal ganglia. 
Thiamine Diphosphate (TDP) in whole blood and 
Thiamine Monophosphate (TMP) in 
corresponding 'mother's milk was analysed by 
HPLC. A threshold for blood thiamine TDP and 
milk thiamine TMP was taken as 65 nmol/l and 
300 nmol/l respectively. Methods and cutoffs 
were consistent to the methods and cutoffs 
demonstrated by [25]. Our study revealed that 
thiamine levels (TDP) in cases were low with a 
mean of 17.29 nmol/L with a standard deviation 
of 8.8nmol/L, range was 3.46-38.56nmol/L as 
shown in table-2. Levels in controls had a mean 
of 51.31nmol/L and a standard deviation of 
27.52nmol/L, with a range of 23.25-124.7nmol/L 
as shown in table-2. Similar deficient state of 
thiamine was found in cases by [22] with mean 
blood thiamine levels of six infants 41nmol/L with 
a range of 11-69 nmol/L (control 78–185 nmol/L). 
Significant difference in thiamine levels between 
cases and controls was found by [26] who 
recording levels below estimated levels of normal 
(17nmol/l) in 43% cases and 34% controls [21] 
also noted mean blood thiamine levels (TDP 
levels) of 5 patients with a drastic decrease (10-
49nmol/l). We observed that thiamine levels in 
'mother's milk in cases was 16.33- 214.92 with a 
mean of 108.16 and a standard deviation of 
58.93 as shown in Table-3. Thiamine levels in 
controls was 159.33-361.2 with a mean of 252.68 
and a standard deviation of 66.70. Levels 
differed significantly between cases and controls 
as shown in table-3. Similarly results regarding 
breast milk deficiency in thiamine was found by 
[25] who reported thiamine deficiency in (4%) 
'mother's milk in antenatal clinics in Maela 
refugee camps (levels <300). All patients were 
given IV Thiamine bolus (100mg IV) along with 
supportive care and all patients improved. Similar 
response to thiamine was observed by [21]. 
Mothers were also treated with thiamine orally for 
a period till exclusive breast feeding continued. 
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[27] in their study found only modest 
improvement in thiamine status in infants after 
thiamine supplementation in mothers and hence 
thiamine supplement needs to be given to infants 
as well. Clinical improvement was observed 
though repeat thiamine levels were not 
conducted in our study due to financial 
constraints. We followed a long term outcome in 
12 cases who were followed 4 months after their 
admission and all were found to have no 
recurrences and no neurological or cardiac 
symptoms. Similar long term good prognosis was 
demonstrated by [28]. 
 

5. CONCLUSION 
 

Thiamine deficiency can be clinically and 
biochemically attributed to presentation of infants 
with acute encephalopathy. Treatment of patients 
with high dose thiamine at the time of 
presentation can cure acute life threatening 
metabolic acidosis and large thiamine 
supplement should be given to the population so 
that such deficiency is corrected. Mass 
awareness regarding healthy cooking practices 
and knowledge about thiamine rich foods needs 
to be adopted. 
 

6. LIMITATIONS 
 

Thiamine levels of only 23 cases and 15 controls 
were done due to financial constraints, which 
could only give a crude idea of the magnitude of 
thiamine deficiency in the general population. 
Analysis of thiamine levels of large number of 
patients could have revealed better information 
about the mode of presentation, clinical signs on 
examination and at what threshold level we can 
expect such life threatening emergencies. 
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