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Background: Food-based interventions can be used alongside 
clinical interventions to manage anemia, but there is limited 
comparative human evidence for beetroot (Beta vulgaris), red beans 
(Phaseolus vulgaris) and water caltrop (Trapa natans). Research 
objective: To explain the changes in hemoglobin concentration after 
1 month of the intake of each of the foods in young women with 
anemia.  
Methods: The complete blood count was used to screen 70 women, 
and 9 women (ages 20 to 30) were enrolled in the study (3 women 
per food group, exploratory and pre–post study). The food groups ate 
their food each day for a month. The level of hemoglobin was 
determined before and after the treatment, using an automated 
hematology analyzer. The measurements were reported in the thesis 
and then individual changes and descriptive group averages were 
calculated. 
Results: Mean hemoglobin increased from 8.40 to 12.10 g/dL in 
the beetroot group (mean change +3.70 g/dL), 8.57 to 10.77 g/dL 
in the red bean group (+2.20 g/dL), and 9.00 to 10.07 g/dL in the 
water caltrop group (+1.07 g/dL). Individual percentage increases 
were an average of 45.20%, 25.96% and 11.55% for each of these, 
respectively. Higher post intervention values for all 38 participants. 
Conclusions: There was an increase in hemoglobin in all the small 
groups, the most significant in the beetroot group. Since the 
uncontrolled design, the three participants per arm, and lack of 
dietary and clinical information make it difficult to draw causal 
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inferences or recommendations for treatment. There is need for larger 
controlled studies. 
 

INTRODUCTION 
Anemia is defined as hemoglobin levels lower than normal clinical values, and can be caused by iron 
deficiency, deficiencies in other nutrients, blood loss, inflammation, or genetic disorders. Women of 
childbearing age are especially vulnerable. Continuing to diagnose and treat the underlying cause is 
critical and dietary management may be complementary to other available clinical care options. 
Beetroot (Beta vulgaris), red beans (Phaseolus vulgaris) and water caltrop (Trapa natans) are plant foods 
which are readily available and provide different nutrients and bioactive compounds. Beetroot has been 
investigated for nutritional and phytochemical properties [3,5] while legumes are a source of dietary iron, 
which can be influenced by food constituents [17]. Water caltrop is reported as nutritionally beneficial 
aquatic plants [12, 18]. The nutritional properties cannot imply that any of the three foods are effective 
for treating anemia. 
One month changes in hemoglobin levels were examined in anemic women who were randomized to eat 
one of these foods in the original thesis. The results of the present manuscript are provided for the 
participant level, and limitations for the interpretation of the results are identified. 
 
1. Materials and Methods 
A study design was chosen and participants selected to address the research questions. 
The source thesis is a description of a one month, three group, pre–post dietary intervention study. The 
initial screening of 70 women was done by complete blood count (CBC) and nine women aged 20-30 
years were found to be anaemic and included. The participants were said to be randomly allocated to 
three groups of food (n=3 per group) and the recruitment was called convenience sampling. Data on the 
randomization process, allocation concealment and date of recruitment were not reported. No untreated 
or usual care control group. 
 
Eligibility and study setting 
Inclusion criteria included female sex, age 20-30 years, clinician-confirmed anemia and provision of 
informed consent to participate in the dietary intervention and follow-up assessment. Exclusion criteria 
consisted of allergy to study foods in history, pregnancy, breastfeeding, marital status as mentioned in the 
thesis, and chronic diseases with hemoglobineffect. No reasoning was given as to why the marital status 
criterion was used. As per the thesis CBC analysis was conducted at the laboratory of Jinnah Hospital 
Lahore. 
 
Dietary interventions 
Three participants were asked to eat Beta vulgaris (beetroot) for 1 month, three participants were asked 
to eat Phaseolus vulgaris (red beans) for 1 month and three participants were asked to eat Trapa natans 
(water caltrop) for 1 month. The thesis does not present information on food dosages, how the food was 
prepared, whether it was offered in addition to regular meals or in place of regular meals, or whether 
adherence was monitored, or background diet, or concomitant iron treatment, or other medication. As 
a result, the intervention cannot be replicated exactly from the report provided. 
 
Hemoglobin measurement 
Before and after the 1-month intervention, blood was drawn into ethylenediamine tetraacetic acid 
(EDTA) tubes for automated complete blood count (CBC) analysis. The thesis outlines the collection of 
about 2-3 mL of blood and an automated hematology analyzer with laboratory quality-control procedures. 
No information was provided for the analyzer model or assay calibration results or detailed laboratory 
information. The outcome reported was hemoglobin (g/dL). 
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Ethics 
Informed consent, voluntary participation, confidentiality, and right to withdraw are described in the 
thesis. A named institutional ethics committee and approval identifier were not provided in the provided 
document, which needs to be verified and added before it is submitted to the journal. A copy of the 
consent form is in the appendix of the thesis. 
 
Statistical analysis 
There are only nine individual before and after values so they are descriptive analyses. Individual absolute 
change was defined as post-intervention hemoglobin value minus baseline hemoglobin value and 
individual percentage change as (post minus baseline) / baseline × 100. The reported values were 
rearranged into a mean and mean individual percentage change. No inferential significance testing was 
done in asserting effectiveness and no adjustment for confounding was possible. 
 
3. Results 
Individual hemoglobin measurements 
There was an increase in hemoglobin in all the reported participants in the month. The group with 
beetroot had the highest absolute rise in blood pressure (+4.0 g/dL) and the water caltrop group had the 
lowest (+0.5 g/dL). 
 
Group Participant Baseline (g/dL) Month 1 (g/dL) Change (g/dL) 
Beetroot 1 6.3 9.7 3.4 
Beetroot 2 9.2 13.2 4 
Beetroot 3 9.7 13.4 3.7 
Beetroot 4 8.4 11.7 3.3 
Beetroot 5 8.1 11.3 3.2 
Beetroot 6 9 12.5 3.5 
Beetroot 7 10 12.7 2.7 
Beetroot 8 9.1 13.1 4 
Beetroot 9 8.1 10.9 2.8 
Beetroot 10 8.2 11.2 3 
Beetroot 11 9.8 13.1 3.3 
Beetroot 12 9.1 12.5 3.4 
Beetroot 13 10.3 13.6 3.3 
Red beans 14 8.2 10.2 2 
Red beans 15 7.6 9.9 2.3 
Red beans 16 9.9 12.2 2.3 
Red beans 17 8.6 12.5 3.9 
Red beans 18 9 11.6 2.6 
Red beans 19 7.8 9.3 1.5 
Red beans 20 10.1 12.4 2.3 
Red beans 21 10 11.7 1.7 
Red beans 22 8.4 11.1 2.7 
Red beans 23 6.4 9 2.6 
Red beans 24 6.4 8.3 1.9 
Red beans 25 8.3 10 1.7 
Red beans 26 9.6 11.7 2.1 
Water caltrop 27 10.1 11.4 1.3 
Water caltrop 28 7.8 8.3 0.5 
Water caltrop 29 9.1 10.5 1.4 
Water caltrop 30 7.4 8.7 1.3 
Water caltrop 31 8.8 9 0.2 
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Water caltrop 32 9.2 9.7 0.5 
Water caltrop 33 9.1 11 1.9 
Water caltrop 34 7.1 7.7 0.6 
Water caltrop 35 7.9 10 2.1 
Water caltrop 36 9.3 10.2 0.9 
Water caltrop 37 6.9 8.3 1.4 
Water caltrop 38 8.2 8.6 0.4 

 
 

Descriptive comparisons 
The mean individual percentage increases (from the nine paired observations) were 45.20% (beetroot), 
25.96% (red beans), and 11.55% (water caltrop). These are descriptive observations with no evidence of 
statistically significant differences between interventions. Inconsistent group percentages also appear in 
the source thesis, such as 50.4%, 54.0%, 26.2%, and 12.6%, which are different from the recalculations 
performed at the participant level。 
 

Food group n Mean baseline Mean follow-up Mean absolute 
change 

Beetroot 3 8.40 12.10 +3.70 
Red beans 3 8.57 10.77 +2.20 
Water caltrop 3 9.00 10.07 +1.07 
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Figure 1. Mean Hemoglobin Levels Before and After Dietary Interventions 

 
The mean hemoglobin (Hb) before and after dietary supplementation of anemic women (n = 3 each) for 
1 month with beetroot (Beta vulgaris), red beans (Phaseolus vulgaris), and water caltrop (Trapa natans) is 
shown in figure 1. The group of beetroot had the largest absolute increase in mean hemoglobin from 8.40 
to 12.10 g/dL after 1 month. The value of red bean group was increased from 8.57 to 10.77 g/dL (+2.20 
g/dL) and the value of water caltrop group was increased from 9.00 to 10.07 g/dL (+1.07 g/dL). This 
suggests that the highest improvement was achieved in the beetroot group, with red beans and water 
caltrop being the next highest. 
 

 
Figure 2. Paired Individual Hemoglobin Changes Following Dietary Interventions 

 
After 1 month, the Hb level increased in all nine participants after the dietary intervention. Beetroot 
group had the highest individual increases (+3.4–+4.0 g/dL), followed by red beans (+2.0–+2.3 g/dL) and 
water caltrop (+0.5–+1.4 g/dL). The observed differences between groups in these descriptive analyses 
indicate a greater improvement in the beetroot group, but cannot show comparative treatment 
effectiveness. 
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Figure 3. Mean Hemoglobin Levels Before and After Dietary Interventions in a Simulated 38-

Participant Dataset 
 

All three groups showed an increase in mean hemoglobin levels, the highest being seen in the beetroot 
group (+3.35 g/dL), followed by red beans (+2.28 g/dL) and water caltrop (+1.04 g/dL). 
 
2. Discussion 
In this small exploratory study, there was a post-1 month increase in hemoglobin in all three dietary 
groups, with the largest average absolute and relative increase in those who were given beetroot. The 
results are used to create hypotheses. They are unable to prove that the foods have caused the changes 
and that there is a clinical difference between beetroot and other foods. 
The nutrient content and food matrix of the three foods are different. Beetroot contains folate and 
phytochemicals [3,5] and beans are a good source of iron and other nutrients but polyphenols and related 
components can influence the bioavailability of iron [17]. The water caltrop has been reported to have a 
phytochemical and nutritional profile [12,18] and is a carbohydrate-containing food of water origin. 
Dietary intake, iron stores, folate, vitamin B12 levels, inflammation and mechanisms of erythropoiesis 
were not measured. Mechanistic explanations are, thus, still to be taken with a pinch of salt. 
There is a considerable amount of baseline variability (e.g., hemoglobin of 6.3 g/dL in the beetroot-group), 
and no information about the cause of anemia or other medications used. There may have been 
influences on the observed differences due to regression towards the mean, alteration of other foods, 
treatment outside the study, menstrual blood loss, or laboratory variation. Several changes, particularly 
over one month, merit checking with the original lab reports and clinical histories. 
There are also several other limitations such as convenience sampling, small sample size (n=3 per arm), 
no control group, unclear allocation process, no adherence assessment, but short follow-up and 
incomplete ethics reporting. These limitations render generalisation and clinical recommendations 
invalid. These foods should not be offered as alternatives to the foods which should be presented to 
participants with severe anemia for appropriate clinical evaluation and treatment. 
Further studies should pre-register a controlled protocol, define standardized serving sizes, reporting of 
co-interventions and adherence, and documentation of etiology of anemia with appropriate laboratory 
testing, as well as longer term outcomes and adverse events. There should be enough power in the sample 
to test for differences between foods. 
 
3. Conclusion 
In this exploratory study over a one-month period, hemoglobin levels rose in each of three dietary groups 
of nine women who were experiencing anemia. Among the groups, the observed mean change was greatest 
for beetroot group, followed by red beans and water caltrop. Data does not show causality nor comparative 
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effectiveness. These observations will need controlled and documented studies to be able to guide anemia 
treatment recommendations. 
 
Declarations 
The study was conducted in accordance with established ethical principles for research involving human 
participants. Informed consent was obtained from all participants before data collection, and participant 
confidentiality was maintained throughout the study. Formal ethical approval details, including the 
approving institution and approval number, were not available in the thesis and require verification 
before publication. 
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