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Introduction

Tuberculosis (TB) is a disease characterized by loss of  weight 
and wasting.[1] In countries like India, malnutrition is a widely 
prevalent risk factor for TB which is a major driver of  the 
TB epidemic.[2] The nutritional status at diagnosis reflects the 
worsening of  preexisting malnutrition by active TB. In a large 
cohort of  rural patients, the median weights and the body mass 
indices (BMIs) at diagnosis in adult men and women were 
42 kg (16.0 kg/m2) and 34 kg (15.0 kg/m2), respectively.[3] The 
median weights in men and women reported in the Revised 
National Tuberculosis Control Programme (RNTCP) were 
similar, 43 and 38 kg, respectively.[4]

In the absence of  nutritional support, the nutritional recovery 
of  Indian patients with TB is incomplete with poor weight gains 
in the range of  3–4 kg.[3,5] Undernutrition is also a risk factor for 
mortality during treatment, drug toxicity, drug malabsorption, 
and relapse after successful cure.[6] The lack of  recovery of  lean 
body mass in patients at the end of   treatment can impair their 
return to work. World Health Organization (WHO) recognizes 
undernutrition as an important comorbidity in patients with 
TB and recommends that nutritional assessment be an integral 
part of  TB care.[7] RNTCP has also developed and released a 
guidance document for nutritional care and support of  patients 
with TB in India in 2017.[8] It proposes a system of  assessment 
of  nutritional status, counseling, and nutritional support suitable 
for implementation in Indian settings.[8] Field charts for easy 
nutritional assessment at diagnosis and follow‑up of  patients with 
TB have been developed.[8] This article provides the technical 

Development of simplified body mass index–based field 
charts to assess nutritional status and weight gain in 

adult patients with tuberculosis
Madhavi Bhargava1,2, Anurag Bhargava2,3

Departments of 1Community Medicine and 3General Medicine, Yenepoya Medical College, 2Center for Nutrition Studies, 
Yenepoya (Deemed to be University), Mangalore, Karnataka, India

AbstrAct

Tuberculosis (TB) is a cause and effect of undernutrition. Patients with active TB in India have a high prevalence of severe 
undernutrition, an important comorbidity, which increases the risk of mortality, serious adverse effects, relapses after cure 
and impairs functional status. The World Health Organization and Revised National Tuberculosis Control Programme have now 
recommended that nutritional assessment, counseling, and support be considered as integral parts of TB care. Nutritional assessment 
requires calculations of body mass index (BMI) to classify severity of undernutrition at diagnosis and ascertain nutritional recovery 
at follow‑up. We present BMI‑based field charts constructed for use by healthcare workers which obviate calculations of BMI and 
provide weights corresponding to BMI categories, and body weight corresponding to a desirable BMI of 21 kg/m2. These simplified 
BMI‑based field charts will enable appropriate assessment, counseling, and monitoring of undernourished patients with active TB 
by peripheral health workers in programmatic settings.

Keywords: Body mass index, direct benefit transfer, nutritional assessment, tuberculosis, undernutrition

Original Article

Access this article online
Quick Response Code:

Website:  
www.jfmpc.com

DOI:  
10.4103/jfmpc.jfmpc_226_18

Address for correspondence: Prof. Anurag Bhargava, 
Department of General Medicine, Yenepoya Medical College, 

Center for Nutrition Studies, Yenepoya (Deemed to be University), 
Deralakatte, Mangalore ‑ 575 018, Karnataka, India. 

E‑mail: anuragb17@gmail.com

How to cite this article: Bhargava M, Bhargava A. Development of 
simplified body mass index–based field charts to assess nutritional status 
and weight gain in adult patients with tuberculosis. J Family Med Prim 
Care 2019;8:115-9.

This is an open access journal, and articles are distributed under the terms of  the Creative 
Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows others to 
remix, tweak, and build upon the work non‑commercially, as long as appropriate credit is 
given and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com



Bhargava and Bhargava: Simplified field charts for adult patients with TB

Journal of Family Medicine and Primary Care 116 Volume 8 : Issue 1 : January 2019

background for these field charts and their use in the program 
by peripheral health staff.

Need for Simplified Field Charts

Among the available methods for assessment of  nutritional status, 
anthropometric measurements of  weight and height are the most 
widely used tools. WHO has recommended that BMI, which is weight 
standardized for height; where BMI = (weight in kg)/(height in m)2, 
be used for classification of  nutritional status. It has suggested 
various categories to classify normal, underweight, overweight, 
and obesity in adults for nutritional classification. The RNTCP 
recommends measurement of  height and weight at diagnosis and 
monthly record of  weights during follow‑up to monitor nutritional 
improvement.[8] It also recommends a daily intake of  calories and 
proteins based on a target (desirable) body weight, which is based 
on a desirable BMI of  21 kg/m2.[8] The estimation of  BMI by health 
workers and the calculation of  the desirable weight may be difficult 
due to lack of  access to a calculator or performing a calculation 
involving exponents. The field charts were developed in response to 
the need for a practical tool for healthcare providers to help classify 
nutritional status by BMI category at diagnosis, enable estimation 
of  recommended caloric intake, as well as assess adequacy of  
weight gain during follow‑up with reference to a desirable weight 
according to patient’s height.

Construction and Description of the 
Field Charts

The construction of  the chart is based on the height of  
an adult patient as the basic measurement. For any given 
height in centimetres (cm), converted to meters (m), the 
range of  body weights consistent with different categories 
of  BMI was calculated. This was done by rearranging the 
formula of  estimation of  BMI (mentioned earlier), so that 
weight = BMI × (height in m) 2. This rearranged formula 
was then used to calculate the weights corresponding to BMI 
cut‑offs for different categories of  underweight [Table 1]. For 
example, the cut‑off  for defining severe underweight would be 
a weight corresponding to a BMI of  less than 16.0 kg/m2. For 
a height of  150 cm, this would be 16 × (1.5)2 = 36 kg, while 
the body weight corresponding to moderate underweight would 
be a BMI of  17.0 would be 17 × (1.5)2 = 38.3 kg. The weights 
corresponding to the lower and upper bounds of  different BMI 
categories of  underweight were thus calculated. The charts 
contain an additional cut‑off  of  weights corresponding to a 
BMI of  14 kg/m2, which signifies extremely severe wasting. 
This additional cut‑off  is for logistical reasons. According to 
the recommendations in the WHO manual for management of  
severe malnutrition, all adults with a BMI <16 kg/m2 should 
be admitted for inpatient nutritional care.[9] In a rural cohort of  
patients with TB in India, nearly 50% of  the cohort had a BMI 
of  less than 16 kg/m2 and would thus be eligible for inpatient 
care, which can be very challenging at programmatic level.[3] The 
RNTCP guidance document therefore suggests red‑flag features 
warranting admission, which include BMI ≤14 kg/m2 and BMI 

14–16 kg/m2 along with the presence of  severe anemia or pedal 
edema, unstable vital signs, and poor performance status.[8]

Desirable Body Weight of an Adult Patient 
with Tuberculosis

For estimation of  caloric intake and monitoring of  nutritional 
recovery during treatment, a desirable body weight as one which 
corresponds to a BMI of  21 kg/m2 is recommended.[8] According 
to the WHO classification, the bounds of  the normal range of  
BMI are between 18.5 and 24.9 kg/m2. However, targeting a 
body weight which corresponds to a BMI of  18.5 kg/m2 is less 
desirable for the following reasons. First, patients often lose 
weight during resumption of  normal work and a patient with a 
body weight corresponding to a BMI of  18.5 kg/m2 could slip 
into the category of  undernourished with any loss of  weight. 
Second, in developed countries, the Malnutrition Universal 
Screening Tool (MUST) is a widely accepted and validated tool 
for nutritional assessment.[10] According to MUST a BMI less 
than 20 kg/m2 is considered low. Third, according to the report 
of  the expert group on nutrient requirements and recommended 
dietary intakes for Indians, a reference Indian man is defined 
as someone between 18 and 29 years of  age who weighs 60 kg 
and has a height of  1.73 m which translates into a BMI of  
20.3 kg/m2.[11] Similarly, the Indian reference woman has a height 
of  1.61 m and a weight of  55 kg which is a BMI of  21.2 kg/m2.[11] 
If  a patient has a height of  1.5 m and weighs 36 kg at the start 
of  treatment, he has a BMI of  16.0 kg/m2. If  this patient has 
to reach desirable BMI of  21 kg/m2 then the corresponding 
weight will be 21 × 2.25 = 47.2 kg. Thus, a weight gain of  
11.2 kg (47.2 ‑36) is required to reach BMI of  21.0 kg/m2. This 
type of  calculation is difficult at programmatic level and gets 
simplified with the help of  these field charts.

Method of Use of the Field Charts

The field charts are meant to be accessible and can be used by the 
peripheral‑most health worker [Figure 1]. Healthcare personnel 
should choose the row which corresponds to the measured height 
of  the patient. This row has ranges of  body weights corresponding 
to the recommended BMI cut‑offs for various ranges of  nutritional 
status, as well as those for the BMI range considered normal (BMI 
of  18.5–24.9 kg/m2. Body weight above a cut‑off  of  23 kg/m2 
BMI would categorize a patient as overweight in Asia, while in 
other regions the range is from 18.5 to 24.9 kg/m2.[12] For adult 
patients with TB, we have proposed the latter range due to 
significant coprevalence of  undernutrition. If  the height is 160 cm 
and the weight 40 kg, then the healthcare worker can infer that 
the body weight falls in the red coded column which indicates 
severe undernutrition category. Furthermore in the same row, the 
healthcare worker can see the range of  BMI considered normal for 
the patient, a weight of  47.3–63.8 kg while the desirable body weight 
for this height would be around 54 kg. Thus, this patient needs to 
gain at least 7 kg to reach a minimum acceptable weight and about 
14 kg to reach a desirable body weight corresponding to a BMI of  
21 kg/m2. This can guide their assessment of  the nutritional status 
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on follow up. On the other hand, if  for the same height of  160 cm 
the weight of  the patient is measured to be 34 kg, then this weight 
falls in the dark red band (corresponding to a BMI <14 kg/m2) and 
would flag extreme thinness, for which admission to an inpatient 
facility and nutritional therapy would be strongly recommended. 
The final column in the field chart also mentions the approximate 
caloric intake, based on the desirable body weight, to be advised to 
the patients assuming that he or she is sedentary.

Any weight loss or failure to gain weight during the management 
of  a case of  TB requires clinical assessment to rule out resistance, 
poor adherence, and other comorbidities. The new TB card in the 
Technical Operational Guidelines has a provision for recording 

height and monthly weight record.[13] At the same time, no 
meaningful interpretation is made as BMI is not being calculated 
at programmatic level. This easy‑to‑use color‑coded field chart will 
be relevant and useful in interpreting the routine height and weight 
recording for nutritional assessment and monitoring purposes.

Relevance with End‑TB Strategy and Direct 
Benefit Transfer

The member nations of  World Health Assembly have passed 
a resolution in May 2014 to approve the post‑2015 Global TB 
Strategy. It has laid down important and ambitious targets of  
reducing the TB deaths by 95% and new cases by 90% by 2035.[14] 

Table 1: Simplified body mass index‑based field chart to assess nutritional status and weight gain in undernourished 
patients with active tuberculosis

Height 
(cm)

Weights in kg corresponding to cut‑offs of  different categories of  BMI
BMI <14.0 

kg/m2 extreme 
underweight

BMI: 14.0‑15.9 
kg/m2 severe 
underweight

BMI: 16.0‑16.9 
kg/m2 moderate 

underweight

BMI: 17.0‑18.4 
kg/m2 mild 
underweight

BMI: 18.5‑24.9 
kg/m2 normal

BMI of  21 kg/m2 
desirable weight

Suggested caloric 
intake: 40 kcal/

desirable body weight*
143 ≤28.4 28.5‑32.5 32.6‑34.6 34.7‑37.6 37.7‑50.9 42.9 1700
144 ≤28.8 28.9‑33.0 33.1‑35.0 35.1‑38.2 38.3‑51.6 43.6 1750
145 ≤29.3 29.4‑33.5 33.6‑35.6 35.7‑38.8 38.9‑52.5 44.2 1800
146 ≤29.8 29.9‑33.9 34.0‑36.1 36.2‑39.2 39.3‑53.1 44.8 1800
147 ≤30.0 30.1‑34.4 34.5‑36.5 36.6‑39.8 39.9‑53.8 45.4 1800
148 ≤30.5 30.6‑34.8 34.9‑37.0 37.1‑40.3 40.4‑54.6 46.0 1850
149 ≤31.0 31.1‑35.3 35.4‑37.5 37.6‑40.9 41.0‑55.3 46.6 1850
150 ≤31.3 31.4‑35.8 35.9‑38.1 38.2‑41.4 41.5‑56.1 47.3 1900
151 ≤31.8 31.9‑36.3 36.4‑38.6 38.7‑42.0 42.1‑56.8 47.9 1900
152 ≤32.1 32.2‑36.8 36.9‑39.1 39.2‑42.5 42.6‑57.6 48.5 1950
153 ≤32.6 32.7‑37.3 37.4‑39.6 39.7‑43.1 43.2‑58.3 49.2 1950
154 ≤33.0 33.1‑37.7 37.8‑40.1 40.2‑43.7 43.8‑59.1 49.8 2000
155 ≤33.4 33.5‑38.2 38.3‑40.6 40.7‑44.2 44.3‑59.9 50.5 2000
156 ≤33.9 34.0‑38.7 38.8‑41.2 41.3‑44.8 44.9‑60.6 51.1 2050
157 ≤34.3 34.4‑39.2 39.3‑41.7 41.8‑45.4 45.5‑61.4 51.8 2100
158 ≤34.7 34.9‑39.7 39.9‑42.2 42.3‑45.9 46.0‑62.2 52.4 2100
159 ≤35.2 35.3‑40.2 40.3‑42.8 42.9‑46.6 46.7‑63.0 53.1 2100
160 ≤35.6 35.7‑40.8 40.9‑43.3 43.4‑47.2 47.3‑63.8 53.8 2150
161 ≤36.1 36.2‑41.3 41.4‑43.9 44.0‑47.8 47.9‑64.6 54.4 2200
162 ≤36.5 36.6‑41.8 41.9‑44.4 44.5‑48.4 48.5‑65.4 55.1 2200
163 ≤37.0 37.1‑42.3 42.4‑45.0 45.1‑49.0 49.1‑66.2 55.8 2250
164 ≤37.5 37.6‑42.8 42.9‑45.5 45.6‑49.6 49.7‑67.0 56.5 2250
165 ≤37.9 38.0‑43.3 43.4‑46.0 46.1‑50.1 50.2‑67.9 57.2 2300
166 ≤38.4 38.5‑43.9 44.0‑46.6 46.7‑50.8 50.9‑68.7 57.9 2300
167 38.9 39.0‑44.4 44.5‑47.2 47.3‑51.4 51.5‑69.5 58.6 2350
168 39.3 39.4‑45.0 45.1‑47.8 47.9‑52.0 52.1‑70.4 59.3 2400
169 49.8 49.9‑45.5 45.6‑48.4 48.5‑52.6 52.7‑71.2 60.0 2400
170 40.3 40.4‑46.0 46.1‑48.8 48.9‑53.2 52.3‑72.0 60.7 2450
171 40.7 40.8‑46.6 46.7‑49.5 49.6‑53.9 54.0‑72.9 61.4 2450
172 41.2 41.3‑47.1 47.2‑50.1 50.2‑54.5 54.6‑73.8 62.1 2500
173 41.7 41.8‑47.7 47.8‑50.7 50.8‑55.2 55.3‑74.6 62.9 2500
174 42.2 42.3‑48.2 48.3‑51.3 51.4‑55.8 55.9‑75.5 63.6 2550
175 42.7 42.8‑48.8 48.9‑51.9 52.0‑56.5 56.6‑76.4 64.3 2550
176 43.2 43.3‑49.4 49.5‑52.4 52.5‑57.1 57.2‑77.2 65.0 2600
177 43.7 43.8‑49.8 50.0‑53.2 53.3‑57.8 57.9‑78.1 65.8 2650
178 44.2 44.3‑50.5 50.6‑53.7 53.8‑58.4 58.5‑79.0 66.5 2650
179 44.6 44.7‑51.1 51.2‑54.3 54.4‑59.1 59.2‑79.9 67.3 2700
180 45.2 45.3‑51.6 51.7‑54.9 55.0‑59.7 59.8‑80.8 68.0 2700
*Approximate caloric intake assuming patient is sedentary, BMI: Body mass index; desired body weight: Body weight corresponding to BMI of  21 kg/m2
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The resolution puts the patients and their families at the heart of  
the strategy where pillar 1 focuses on integrated patient‑centered 
care and pillar 2 includes political commitment and addressing social 
determinants.[14] India in its ambitious response has set goals that are 
5 years ahead of  the global targets.[15] To address the comorbidity of  
undernutrition in TB, the Government of  India has further adopted 
a direct benefit transfer (DBT) mechanism for transfer of  Rs 500 
per month to the bank accounts of  all patients with TB during 
the treatment of  TB from April 2018.[16] This is for nutritional 
support during treatment irrespective of  their economic status 
and geographic location. While this is likely to improve nutrition 
in the patients, the adequacy of  the quantum of  support needs to 
be assessed at programmatic level. The BMI‑based field charts can 
provide a simple assessment and monitoring tool in this regard. 
Moreover, the gazette notification mentions that the assistance 
can be cash or kind.[16] This means that there is an opportunity to 
create an evidence through operational research using these field 
charts for DBT of  both types. Any evidence from our country can 
contribute in a significant manner toward all the three pillars of  
End TB Strategy, an integrated patient‑centered care, bold policies 
and supportive systems, and intensified research and innovation.

Usefulness in Primary Care Settings and 
Family Physicians

The care providers in primary care settings often encounter 
undernutrition as comorbidity not just in patients with TB 
but also in other acute and chronic illnesses and first trimester 

for pregnancy. The simplest and widely used tool to assess 
nutritional status is the BMI. The field charts make BMI‑based 
nutritional assessment easily accessible to primary care providers, 
including nonphysicians. The chart also makes available the 
desirable weight, which would have otherwise required complex 
calculations.

Conclusion

The simplified BMI‑based field charts aid classification of  
undernutrition in patients with active TB, alert the health worker 
to a weight which should mandate admission in an inpatient 
facility, and can also provide information of  the range of  body 
weights which would be consistent with the nutritional recovery 
of  the patient. It will allow objective assessment of  the progress 
of  the patients toward that target desirable body weight.
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