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patients having multiple readmissions. Network meta-analysis SMD 
was −0.09 (−0.47-0.29) and compulsory diets P-scores were .65 (bet-
ter than voluntary diet P-scores = .91).8

Specialist supportive clinical management had the lowest NMA 
SMD = −0.18 (−0.46-0.09) and ranked as one of the 3 worst-perform-
ing treatments, along with compulsory diets and psychotherapies.

Figure  3.  (A) Anorexia nervosa treatment standardized mean differences with regards to BMI or weight change, relative to placebo. 
Network effect sizes. The non-RCT network is penalized by power prior P=.5. (B) anorexia nervosa treatments, SUCRA scores (Bayesian 
analysis). 
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Most studies highlighted the non-standardisation of patient inclu-
sion criteria, treatment plans and reporting. Most studies, included 
mixed AN subtypes and severities. There were no within-study cus-
tomized therapeutic plans for different subtypes. In some cases, 
psychiatric comorbidities, and drug treatments, were not discussed.8 
A systematic review of 6747 AN patients from the Danish national 
register, revealed extensive polypharmacy with psychotropics, ECT 
treatments, multiple psychiatric comorbidities and inconsistent 
patient management with spurious psychotherapeutic support.49

Comparing treatment interventions was a challenging task, due to 
uncertainty, variability, reporting inconsistency, and treatment type 
overlap. Particularly challenging, were the comparisons of surgical 
neuromodulations with psychotherapies and pharmacotherapies. 
There were no RCTs, no standardisation of capsulotomy techniques, 
or of DBS electrode insertion sites, frequencies, durations and num-
ber of sessions. Patients were opportunistically sampled, often 
severe/treatment-resistant cases with comorbidities, on long-term 
polypharmacy, and psychotherapy. It was thus difficult to compare 
them against other treatment interventions that included patients 
representing a larger population of interest, with less severe AN 
subtypes and had different selection criteria. Furthermore, there are 
numerous ethical considerations, as these experimental treatments 
are surgically invasive, and many researchers agree that it is mor-
ally ambiguous to enrol patients in RCTs where sham surgeries are 
involved.

These NMA results should be interpreted with caution. The mixed 
disease severity, subtype heterogeneity (AN-R, AN-BP, SE-AN, 
AN-unspecified), and comorbidities, can be confounding variables, 
affecting both interventions and outcomes. Patients may respond 
differently to a particular intervention, increasing result heteroge-
neity and skewing treatment effect sizes, reducing thus confidence 
in findings. Analysis per AN subtype with/without comorbidities, 
was inconclusive due to the above. The probability that patients 
improved, because the comorbidity was treated, should also be 
taken into consideration. The grouping of treatments and combina-
tion of result, can also be considered another confounder. There are 
many parameters for consideration due to study variability and indi-
vidual differences. That necessitated extensive sensitivity analyses 
and multiple-checkpoints to verify NMA outcomes. Indeed, over half 
of the studies were excluded at that stage (55/118). The final NMA 
study heterogeneity was however within acceptable limits, increas-
ing thus confidence in estimations.

The neural net meta-regression was designed to simultaneously test 
multiple study characteristics as input factors (see study coding in 
methods) and to train ANNs on historic patient data. Artificial neural 

Figure  4.  (A) Anorexia nervosa. Multi-layer perceptron, meta- 
regression with covariates—duration of treatment in weeks, 
intervention starting (BMI_StartIV) and ending BMI (BMI_EndIV). 
Factors are treatment interventions and outputs are effect size TE
and standard error of effect size (seTE). The thickness of 
interconnecting lines represent the significance of synaptic 

weights, the color blue is for synaptic weights < 0, whilst the color 
gray is for synaptic weights > 0. Synaptic weights govern 
transformation and information propagation through the ANN, by 
adjusting the weights, so the ANN learns patterns and performs 
various tasks (regression, classification, prediction). (B) Anorexia 
nervosa. Multi-layer perceptron, classification with covariates in 
weeks, and starting and ending BMI as covariates. Covariates are
effect size TE, standard error of effect size seTE. Factors are 
individual treatments. Output is the Mode of Action of treatments 
(MOA) with 4 main classifications: ADR, Diet, NINEURO(non-
invasive neuromodulation), SNeuro(surgically invasive 
neuromodulation), PSY(psychotherapies).
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nets are more suitable to process mixed illness severity data, as they 
capture complex non-linear relationships. The main disadvantage 
was the relatively small number of analysed studies and patients. 
Large ANNs predict significantly better when trained with many 
thousands/millions of cases. The dataset size constrained us in the 
use of more appropriate ANN models such as graph, recurrent or 
convolutional neural networks, used in causal machine learning.50 

The most appropriate model for the authors’ dataset was the multi-
layer perceptron.

Artificial neural nets explored which study-level characteris-
tics affected treatment outcomes from the historic data (all fac-
tors tested), by “learning” success/failure (from effect size, error 
of effect size). Based on these learnt patterns, they were able to 

Figure 5.  (A) Meta-regression predictions of treatment efficiency based on treatment effect size (TE). Analysis shown per treatment 
type. (Note that the network has rejected ECT, due to insufficient number of studies in the meta-regression), and for all primary studies 
together (B).
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predict which factors have higher chances of affecting interven-
tion outcomes. Artificial neural nets identified the MOA of the 
treatment that resulted or not, in an ADR (weight-gain yes/no), 
as the factor that is most likely to affect future treatment out-
comes. The treatment whose MOA resulted in most successful 
treatment outcomes by causing the desired ADR (weight change) 
was the drug Olanzapine. Other factors such as treatment dura-
tion, before/after treatment BMI/weights were estimated as less 
important.

In the context of recent pharmacogenomic and gut-bacteria 
research, ANN findings suggest that Olanzapine has higher chances 
of affecting future treatment outcomes. There is extensive evi-
dence that drugs like Olanzapine, interact with specific genes and 
processes that affect body weight. This does not necessarily mean 
that Olanzapine is the panacea for AN. Response to a drug is highly 
dependent on individual pharmacogenetic profiles. The mecha-
nisms by which drugs affect gene expression and gut-microbiota 

symbiosis in AN patients, need to be investigated further with phar-
macogenomic testing.

Our findings must be interpreted with caution due to the many limi-
tations of this research. However, the authors aspire to highlight the 
importance of pharmacogenomic testing, precision medicine and 
the use of artificial intelligence in identifying appropriate treatments 
and predicting their efficacy in clinical practice.

CONCLUSION

Anorexia mechanisms are highly complex and not completely under-
stood. The neurochemical pathways involved have yet to be precisely 
defined. Pharmacogenomic profiling is increasingly shown to be 
significant in identifying targeted, individualized and effective treat-
ments. Additional research is necessary to determine which genetic 
variations can be used to inform new treatments. The vast majority 
of current interventions for AN, are off-label and depend on adverse 

Figure 6.  (A) Meta-regression runs with multi-layer perceptron, factor importance testing. The mode of action (MOA) of treatments, as 
well as treatment duration (in weeks), were the 2 most important factors in predicting treatment success, followed by the intervention 
starting BMI (BMI_StartIV) as well as the intervention ending BMI (BMI_ENDIV). (B) Sensitivity and Specificity for the MOA as determined 
by the ANN with MOA=ADR 0.737, SNeuro=0.987, Diet=0.686, NINeuro=0.200, PSY=0.581. 
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drug reactions. The authors’ findings suggest that drug reposition-
ing for Olanzapine and Cyproheptadine should be explored further. 
Precision medicine treatments, specifically tailored to the pharma-
cogenomic profiles of AN patients, should be prioritized.

Artificial Intelligence when used in the analysis and prediction of 
treatment efficacy, can capture complex non-linear relationships 
and reveal factors that have higher chances of affecting treatment 
outcomes, in the real-world. In this way, the authors can inform 
clinical practice, enhance patient safety and guide targeted drug 
development.
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