
Orthopaedic and renal 
considerations in KD 2021



Linear Growth 

• Is this affected?
• Potential for this so we ensure adequate 

caloric, protein, vitamin and mineral intake 
• But protein intake is limited …



Concerns have been noted..

• Long-term impact of the ketogenic diet on growth 
and resting energy expenditure in children with 
intractable epilepsy. Groleau V et al. Dev Med Child Neurol. 2014 Sep; 56(9): 

898–904.

• Linear growth declines in children with intractable epilepsy treated with the 
ketogenic diet for 15 months

• Resting energy expenditure (REE) is not affected by long-term KD

• REE in children with intractable epilepsy and CP is reduced before and after KD 



Ferraris C et al. 
Impact of the Ketogenic Diet on Linear Growth in Children: A Single-Center Retrospective Analysis 

of 34 Cases. 
Nutrients. 2019 Jul; 11(7): 1442

• 34 children; 2−17 years) diagnosed with drug-resistant epilepsy (DRE; n = 14) or glucose 
transporter type 1 deficiency syndrome (GLUT1-DS; n = 20) on KD for 12 months.

• All participants received a full-calorie, traditional KD supplemented with vitamins, minerals, 
and citrate.

• Most children (80%; 11/14 in the DRE subgroup and 16/20 in the GLUT1-DS subgroup) 
treated with the KD did not show growth retardation at 12 months.

• Although participants with and without delay of growth did not differ in terms of baseline 
clinical characteristics, dietary prescriptions, or supplementation patterns, marked ketosis at 
12 months tended to occur more frequently in the latter group. 

• Results indicate that growth retardation may occur in a minority of children treated with the 
KD. 



Theories..

• Linear growth issues noted with different protein containing 
diets so cannot explain this 

• Is it related to acidosis and degree of it - perhaps by 
counteracting that might prevent linear growth issues- e.g. 
with citrate 

• Acidosis affects endocrine pathways – eg insulin like growth 
factor - the effector peptide for growth hormone - dropped by 
46% in one study after just a week on the KD  



Bottom line and good news…

• Monitoring growth obviously important

• There may be many factors causing this – underlying 
condition, severity of neurological dysfunction, how 
well the epilepsy is controlled, ASMs and their side 
effects, acidosis, endocrine disturbances..

• Significant catch up has been noted in the both height 
and weight after a year, especially for those starting 
the diet after age 6 years and those who are ambulant 
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Kim J et al. Catch-up growth after long-term 
implementation and weaning from ketogenic 

diet in paediatric epileptic patients.
Clin Nutr 2013



Bone health 
• Can be poor in those with epilepsy – poor nutritional state, ASMs and 

increased bone turnover and effects on vitamin D metabolism, poor 
ambulation..

• Metabolic acidosis by KD may effect changes in bone by directly inducing 
dissolution of bone, stimulating osteoclast-mediated bone resorption, 
inhibiting osteoblast-mediated bone formation, and altering the serum 
concentrations or the biological actions of parathyroid hormone and 
vitamin D 



DEXA scan and then treat?





Baseline Lumbar spine BMD Z scores. The left panel shows the Z score for all patients. The right 
panel shows the Z score for the two mobility groups, with the less mobile group having 

significantly lower Z scores.



Lumbar spine BMD Z scores plotted against time since first scan in years, with blue = GMFCS 1, 
Red = GMFCS 2–5. The thick blue line represents the mean Z score vs time since the first scan for 

patients with GMFCS 1; the thick red line shows the mean Z score for patients with GMFCS 2-5



Points to consider 
• Whilst there were two fractures one wrist and another 

with bilateral femoral neither had DEXA scan (one too 
young and the other with spinal rods for fixation)

• Why higher functioning ones with greater loss BMD 
intriguing – small numbers? Maybe more ambulant 
subjects more susceptible to metabolic derangements 
because of higher bone turnover? 

• Also discuss the that BMD in 2D whilst perhaps we 
should consider geometry and measure mineral per 
volume “3D”



Draaisma J et al. The Ketogenic Diet and Its Effect on Bone Mineral Density: A 
Retrospective Observational Cohort Study. Neuropediatrics 2019; 50(06): 353-358

• In 34 out of 68 patients, one or more lumbar DXA-scans were performed, with 
a mean lumbar Z-score of −1.32 ± 1.74

• Of these 68 patients, 6 got a fracture during KDT, and also 6 got kidney stones

• In 20 patients, more than one DXA-scan was performed. A statistically not 
significant decrease in BMD (0.22 Z-score/year) was found

• There was an increase in BMD in the five patients treated with intravenous 
bisphosphonate therapy. This was statistically significant in comparison to the 
nonbisphosphonate treated group (p = 0.034) 

• The same evaluation was made for patients treated with intravenous 
bisphosphonate therapy to evaluate the effectiveness of this fracture-
preventive treatment. The mean BMD increased, though again not statistically 
significant (p = 0.080). So no benefit at individual level!



Nasomyont et al. Bone 2019; 121: 60-67

• When given for secondary osteoporosis (eg steroid use) 
– with iv biphosphonates:
– 7% had adverse effects
– 3% developed hypocalcaemia requiring iv treatment

• However, the change in BMD was not associated with 
risk of fracture during the follow-up interval

• But serious effects (such as the rare osteonecrosis of 
jaw and atypical femoral fractures) were not seen – so 
safe 



So..

• Bone health is important as 6 of 68 did get fractures in Draaisma study

• No good evidence that BMD increased after treatment with iv biphosphonate whilst on the 
KD

• Not been shown that such therapy reduces bone fractures for which there are also other 
reasons

• When should one screen, how often, how often should one treat, what about side effects, 
inconvenience, resources?

• Unaware anyone doing these routinely in England – although some thinking about it and 
within the international consensus guideline group about 50% were doing so

• Perhaps consider on those staying on diet for longer than 2 years, and those who have had 
fractures?

• Additionally, in those with renal stones,  and , those known to have very porotic bones? And 
also ..



And in those with renal stones 
• Bisphosphonates inactivate osteoclasts resulting in cortical and trabecular bone 

thickening

• A common side effect is hypocalcaemia and hypophosphatemia which may help to 
treat current kidney stones

•
• In the 5 cases treated by Draaisma et al. kidney stones diminished or disappeared

• They state that in those on KD BMD can decline even with Calcium and Vit D 
supplementation, hypercalciuria is common, and such supplementation may 
exacerbate the situation in those with renal stones – and perhaps 
bisphosphonates should be considered in such cases



• Prevalence of kidney stones ranges from 3% to 10%, compared 1 in 
several thousand in the general population. 

• Several reasons:
– Hypercalciuria occurs with the ketogenic diet due to increased bone 

demineralization with acidosis (bone phosphate acts as an acid buffer)
– Increased calcium excretion by the kidney
– Hypocitraturia - citrate normally solubilizes free calcium in the urine, 

less citrate  = more free calcium for stone formation
– Uric acid, less soluble in the low urine pH on KD, may more readily 

form crystals acting as nidus for stone formation
– Were traditionally fluid restricted
– Those with FH kidney stones and on carbonic anhydrase inhibitors 

(topiramate and zonisamide) maybe at higher risk – but not all studies 
indicate this



Sampath A et al. Kidney Stones and the Ketogenic Diet: Risk Factors and Prevention
Journal of Child Neurology  2007; 22: 375-378

• Based on previous work and as
• Potassium citrate solubilizes calcium, reducing concentration of free 

calcium available to crystallize, and also increases urine pH, 
allowing uric acid crystals to dissolve

• Measured urinary calcium to creatinine ratios at baseline KD 
initiation and every 3 to 6 months and treated children with oral 
potassium citrate (Polycitra K) at a dose of 2 mEq/kg/day, divided 
twice daily if the urine calcium to creatinine ratio was >0.20 
mg/mg, they had symptoms of a kidney stone, or there was a family 
history of nephrolithiasis and were receiving a carbonic anhydrase 
inhibitor 

• Re-examined risk factors and if initiation of potassium citrate 
reduced incidence of kidney stones

• N = 195



Sampath et al. 
• 13 children (6.7%) developed kidney stones

• Potassium citrate significantly decreased the prevalence of stones (3.2% vs 
10.0%, P = .049) and increased the mean time on the ketogenic diet before 
a stone was first noted (260 vs 149 patient-months, P = .29)

• The prevalence of kidney stones did not correlate with younger age or use 
of carbonic anhydrate inhibitors (eg, topiramate or zonisamide) but 
trended toward higher correlation with the presence of hypercalciuria
(92% vs 71%, P = .08)

• No child stopped the diet due to stones; in fact, the total diet duration was 
longer (median 26 vs 12 months, P < .001)



McNally M et al. 
Empiric use of Oral Potassium Citrate Reduces Symptomatic Kidney Stone Incidence with the Ketogenic Diet

Pediatrics. 2009; 124(2): e300–e304

• 313 Children at Johns Hopkins

• KD from 2000–2008, with at least 1 month of 
follow-up

• 2000–2005, children were treated with daily 
Polycitra K® at 2 meq/kg/day only in the setting 
of identified hypercalciuria

• Since 2006 started in all at KD onset



McNally et al. Result!
• Polycitra K® was administered to 198 children preventatively

• 4 (2.0%) developed kidney stones, compared to 11 of 105 (10.5%) who did not 
receive Polycitra K®, P= .003

• Two children since 2006 refused Polycitra K®, one of whom developed a kidney 
stone

• Successful empiric administration of Polycitra K® at KD onset resulted in a kidney 
stone incidence of 0.9% (1 of 106) compared to administration only due to 
hypercalciuria, 6.7% (13 of 195), P =.02

• Polycitra K® resulted in less acidic urine (mean pH 6.8 vs. 6.2, P = .002), but not 
reduced serum acidosis

• No side effects of oral citrates were reported



Consensus states?

• Use of citrates could theoretically affect folic 
acid absorption causing higher risk of 
megaloblastic anemia

• 56% of the consensus group routinely used 
empiric oral citrates for all children on KD 



Some..

• Advocate increased fluid intake to 120% - but 
GOR/swallowing difficulties can be an issue

• Avoiding carbonic anhydrase inhibitors

• Supplement with citrate (potassium or 
Effercitrate) if on diet longer term, those with 
high urine ca/cr ratio, those with FH calculi

• You? 



Conclusions
• Studies of bone and renal health complicated because of many other 

considerations in diverse group of children treated with a variety of 
ketogenic diets for varying durations

• The only common fact is that they are on the KD

• No clear rationale for DEXA scans or treatment with biphosphonates

• Empirical citrate therapy seems reasonable for all irrespective of urine 
calcium/creatine ratios

• Monitoring, vigilance and supplementation are a pragmatic way forward

• More research is needed!


