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• An extended model of 𝐹𝐹𝑀 was developed and estimated for Indians

• 𝐹𝐹𝑀𝐽𝑎𝑛can be extended from bioimpedance (𝑍) data only; 𝐹𝐹𝑀

measurements are not required.

Adding ethnicity to 𝑭𝑭𝑴𝑱𝒂𝒏 model

Extension of the Janmahasatian fat-free mass model

to account for ethnicity-related bias 

Conclusions
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• 𝐹𝐹𝑀 data were simulated for 100 adult Indian patients from a reference
model (𝐹𝐹𝑀𝐾𝑢𝑙).

• The reference model was developed specifically for the Indian population
by Kulkarni et al. [4] and externally validated [3].

• The simulated data were used to estimate the 𝜳 parameters using
NONMEM 7.3.
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• Fat-free mass (𝐹𝐹𝑀) is an alternative body size scaler of drug clearance.

• The Janmahasatian model (𝐹𝐹𝑀𝐽𝑎𝑛) is commonly used for prediction.

• 𝐹𝐹𝑀𝐽𝑎𝑛 was developed based on body compositition data that arose

from patients that were predominantly Caucausian (Figure 1).

• As body composition varies due to ethnicity, an ethnicity effect needs to
be incorporated into this model.

Aims

𝑭𝑭𝑴𝑱𝒂𝒏 model

• To extend the 𝐹𝐹𝑀 model (𝐹𝐹𝑀𝐸𝑥𝑡) by incorporating additional
(estimable) body composition parameters (𝜳) that link to ethnicity.

• To estimate the value of 𝜳 in Indian population.

Ethnicity parameters 𝜳 for Indians 

Figure 1. The implicit assumption of universal body composition in 𝑭𝑭𝑴𝑱𝒂𝒏 model.

𝑾𝑻 total body weight, 𝑯𝒕 Height, 𝑩𝑴𝑰 body mass index

Extended 𝑍𝐽𝑎𝑛 (𝑖. 𝑒. 𝑍𝐸𝑥𝑡)

𝑭𝑭𝑴𝑬𝒙𝒕 =
𝜽3 ×𝑾𝑻

𝝍2 × 𝜽2 +𝝍1 × 𝜽1 × 𝑩𝑴𝑰𝜓3 × 𝑩𝑴𝑰 1−𝜓3

𝒁𝑬𝒙𝒕 = 𝝍𝟏 × 𝜽𝟏 +𝝍𝟐 × 𝜽𝟐 × 𝑩𝑴𝑰(−𝝍𝟑)

Relaxed assumption for non-linearity

𝒁 ∝ 𝑩𝑴𝑰−𝑬𝒙𝒑

Replacing 𝑍𝐽𝑎𝑛 with  𝑍𝐸𝑥𝑡

Influence of ethnicity on 𝑭𝑭𝑴𝑱𝒂𝒏

• Body composition vs. 𝐵𝑀𝐼 relationship is curvilinear [2].

• Since 𝑍 is a reflective measure of body composition, a non-linear
relationship is expected.

• Further, body composition relationship with body size differs between
ethnicities [2]; 𝐹𝐹𝑀𝐽𝑎𝑛 has been shown to over-estimate 𝐹𝐹𝑀 in Indians.

• For Indians, 𝐹𝐹𝑀𝐽𝑎𝑛over-estimates 𝐹𝐹𝑀 (~4 kg in average) [3].

𝑭𝑭𝑴 = 𝜽𝟑 × ൗ𝑯𝒕𝟐
𝒁

Bioimpedance (𝒁) analysis of the study population

Linear regression

𝒁

𝑩𝑴𝑰 −𝟏

Assumption:  𝒁 ∝ 𝑩𝑴𝑰−𝟏

𝑭𝑭𝑴 = 𝜽𝟑 × ൘𝑯𝒕𝟐
𝒁𝑱𝒂𝒏

𝑭𝑭𝑴𝑱𝒂𝒏 =
𝜽𝟑 ×𝑾𝑻

𝜽𝟐 + 𝜽𝟏 × 𝑩𝑴𝑰

Replacing Z by 𝑍𝐽𝑎𝑛

Rearrangement

𝑭𝑭𝑴𝑱𝒂𝒏 =
𝟗𝟐𝟕𝟎 ×𝑾𝑻

𝟔𝟔𝟖𝟎 + 𝟐𝟏𝟔 × 𝑩𝑴𝑰
For males: 

𝑭𝑭𝑴𝑱𝒂𝒏 =
𝟗𝟐𝟕𝟎 ×𝑾𝑻

𝟖𝟕𝟖𝟎 + 𝟐𝟒𝟒 × 𝑩𝑴𝑰
For females: 

For Indian males: 𝝍𝟏 = 𝟎,𝝍2 = 𝟎. 𝟕𝟕,𝝍3 = 𝟎. 𝟕𝟐

For Indian females: 𝝍𝟏 = 𝟎,𝝍2 = 𝟎. 𝟕𝟎,𝝍3 = 𝟎. 𝟕𝟐

𝐹𝐹𝑀 = 𝜃3 × ൗ𝐻𝑡2
𝑍𝐽𝑎𝑛

Ethnicity parameters  𝛹

𝒁𝑱𝒂𝒏 = 𝜽𝟏 + 𝜽𝟐 × 𝑩𝑴𝑰−𝟏

Incorporation into
existing FFM model


