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Objectives: During intercurrent illness children with methylmalonic 

acidemla were found to have increased resting energ~v expenditure (REEL 

We measured REE in children with disorders of' propionate metabolism 

(methylmalonic and propionlc acidemia) when they were well and com- 

pared the values with those predicted by the Schofield equation. 

S tudy  design: Prospective study in tertiary care facility. REE was mea- 

sured with open-circuit indirect calorimetry under standardized conditions. 

Predicted REE values were calculated with the Schof~eld equation. Four- 

teen subjects with proplonlc acidemla (n = ,3) and methylmalonic acidemia 

(n = 11) were studied. 

Results: The median REE was 690 kcal/d (range 186 to 1687 kcal/d), 

which is significantly reduced, representing 80% _+ 18% of" that predicted by 

the Schofield height and weight equation (P < .01). REE was significantly 

lower in female compared with male patients for unknown reasons. There 

were no differences with age or neurologic state. REE was not further re- 

duced in those with chronic renal failure. 

Conclusion: REE in patients with disorders of' propionate metabolism is 

reduced when they are well. (,J Pedlatr 2000;136:659-63) 

Diet is the mainstay of treatment in 
disorders of propionate metabolism, 
methylmalonlc, and propionic acidemia. 
However, little is known about actual 
energy requirements in these conditions. 
Intakes of energy and protein are based 
mainly on current recommendations for 
healthy children.l-4 The recommenda- 

tions for ener&)~ intake during acute ill- 

ness are empirlcal. 5 Nl_any factors con- 
tribute to resting energy expenditure in 
children. 6 In a recent prellmina W study, 
we showed that REE was increased by 
up to 30% in 2 children with NINIA dur- 
ing intercurrent illness. 7 For clinical and 
ethical reasons, it has not been possible 
to study additional subjects with iM_NIA 
during intercurrent illness. 
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Equations to predict REE are used 
frequently for clinical management. 
T h e  Schofield equation with weight 
and height 8 and the F A O / W H O /  
UNU 2 equations have been found to 
predict REE most accurately in chil- 
dren. 9 The Harris-Benedict equation is 
known not to be accurate in infancy 
and in states of malnutrltlon. 10'11 Indi- 

rect calorimetry is widely used to mea- 
sure REE in health.,/children and in 
various diseases. 11-16 We have used 

this technique to measure REE in pa- 

tients with MMA and PA when well 
and have compared the observed re- 
sults with the REE predicted by the 

Schofleld equations. 

BMI Body mass index 
MMA Methylmalonic acidemia 
PA Propionic acidemia 
REE Resting energy expenditure 

SUBJECTS AND 
METHODS 

Fourteen patients (YVINIA [n = 11} or 
PA [n = 3]) 6 weeks to 16 years old 
(median 9 years) were studied when 
well (Table 1). Five of those with 
NIMA presented in the neonatal peri- 
od and 6 later in childhood, as did all 
patients with PA. 

Informed written consent was ob- 
tained from parents, and when appro- 
priate the patient's consent was also 
obtained. All the children were admit- 
ted to the day care unit for the study. 

Weight was measured with a digital 
electronic stand-on scale or an infant 
scale (precision to 0.1 and 0.01, kg re- 
spectively). Height was measured to 
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Table I. Clinical details of patients with propionic and methylmalonic acidemia 

. . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . .  

1 0.12 F N M M A  - + + - 2.1 

2 0.32 F N M M A  . . . .  N D  

3 1.7 M L M M A  ++ +++ +++ - 1.4 

4 2.02 F N M M A  +++ +++ ++ - 2.0 

5 7.05 M LPA - + - - N D  

6 7.23 F L M M A  - ++ - - 1.5 

7 8.64 M LPA +++ ++ - - 1.2 

8 8.95 F L M M A  - + - - 1.1 

9 11.76 F L M M A  + + + + + 0.9 

10 12.05 F L M M A  . . . .  N D  

11 12.32 M N M M A  + - - + 0.9 

12 12.43 M N M M A  + + + + + + 1.0 

13 15.59 M L M M A  - + - H D  0.6 

14 16.05 F LPA + - - - 0.9 

A',I~klA, Neonatal onset methylmalonic acidemia; [el[ellA, late onset methylmalonic acidemia; LPA, late onset propionic acidemia. Neurologic 
findings: - absent, + minor, ++ moderate, +++ severe./llvmt D, Movement disorders; De, De[, developmental delay; CerAtc cerebral atrophy. 
Renal disease: CRF, chronic renal failure (ereatinine clearance <50 mL/mln/1.73 rnY); liD, patient receiving hemodialysis; Prink, protein intake 
(g/kg/d); ND, not determined. 

Table I I .  Schofield, weight, and height equation (blJ/day) (I kcal = 4.186 kJ) 

Children <3 years  of  age 

Boys: R E E  = 0.07 x Weight  (kg) + 6.349 x Height  (cm) - 2.584 

Girls: R E E  = 0.068 x Weight  (kg) + 4.281 x Height  (cm) - 1.730 

Children 3-10years  of age 

Boys: R E E  = 0.082 x "Weight (kg) + 0.545 x Height  (cm) + 1.736 

Girls: R E E  = 0.071 x Weight  (kg) + 0.677 x Heigh t  (cm) + 1.553 

Children 10-18years  of age 

Boys: R E E  = 0.068 x Weight  (kg) + 0.574 x Height  (cm) + 2.157 

R E E  is t yp i ca l l y  m e a s u r e d  in the  

r e s t i ng  fas t ing  subjec t ,  b u t  it was  no t  

poss ib le  to fast  m o s t  o f  the  pa t i en t s  

o v e r n i g h t  (>12 h o u r s )  because  o f  t he  

risk of  metabol ic  decompensa t ion .  F o r  

most  of  the pat ients  (n = 10) the fast ing 

p e r i o d  was  8 hours ,  b u t  the  y o u n g e s t  

ch i ldren  (n = 4) could  not  even  fast for 

this long, and consequen t ly  thei r  respi-  

Girls: R E E  = 0.035 x Weight  (kg) + 1.948 x Height  (cm) + 0.837 rato W quo t i en t  was  >0.9. In these  sub- 
......................................................................................................................................................................... jects  the  R E E  was  r e d u c e d  by  10% to 

0,1 cm wi th  a s t a d i o m e t e r  o r  an infant  

l e n g t h  boa rd .  S k i n f o l d s  w e r e  mea-  

su red  wi th  a skinfold cal iper  (Hol ta in)  

on the  n o n d o m i n a n t  side. M i d - a r m  cir- 

cumfe rence  was  m e a s u r e d  on the same 

arm.  W e i g h t  and  h e i g h t  p e r c e n t i l e s  

w e r e  ca l cu l a t ed  f r o m  Br i t i sh  g r o w t h  

s tandards .  17 The  b o d y  mass index  was  

ca l cu l a t ed  as w e i g h t / h e l g h t  2 a n d  was  

e x p r e s s e d  in k i l o g r a m s  p e r  m e t e r  

squared .  18 The  u p p e r  arm musc le  area, 

w h i c h  can be used  to p red ic t  the mus-  

cle p r o t e i n  mass,  w a s  c a l c u l a t e d  in 9 

pa t i en t s  w i t h  the F r i s a n c h o  e q u a t i o n  

and  c o m p a r e d  w i t h  the  n o r m a l  va lues  

for u p p e r  arm muscle  area.  19 

R E E  was  m e a s u r e d  by  open  c i r cu i t  

i n d i r e c t  c a l o r i m e t r y  ( D e l t a t r a c  rec ta-  

bolic moni tor ,  D a t e x  l n s t r u m e n t a r i u m  

Corp,  Hels inki ,  F in l and)  as p r ev ious ly  

r e p o r t e d .  7 Age,  sex, w e i g h t ,  he igh t ,  

and an a g e - a d j u s t e d  va lue  for  u r i n a r y  

n i t r o g e n  20 w e r e  e n t e r e d  b e f o r e  each  

m e a s u r e m e n t  w a s  made .  Values  for  

u r i n a r y  n i t r o g e n  w e r e  t aken  f r o m  a 

s tudy  in hea l thy  chi ldren .  2° The  use of  

these  v a l u e s  for  o u r  s t udy  p o p u l a t i o n  

m a y  h a v e  i n t r o d u c e d  a smal l  b u t  in- 

s ignif icant  e r ro r  d e p e n d i n g  on the  dif- 

f e r ences  in d i e t a r y  p r o t e i n  in t ake .  

N o n e  of  the  sub jec t s  s t ud i ed  r e c e i v e d  

a d d i t i o n a l  a m i n o  ac id  s u p p l e m e n t s .  

The  i n s t r u m e n t  w a s  ca l i b r a t ed  b e f o r e  

each m e a s u r e m e n t  wi th  ca l ibra t ion  gas 

( C O  2 5%, 0 2 95%, Da tex )  and  per iod-  

ically by e thano l  combus t ion .  

a c c o u n t  for  any  t h e r m o g e n i c  ef fec t  of' 

the  diet. 9 l 

Chi ld ren  rested on a bed for approxi -  

m a t e l y  20 minu te s  b e f o r e  R E E  was  

m e a s u r e d  wi th  the  canopy.  The  first 5- 

m i n u t e  p e r i o d  was  no t  i nc luded ,  and  

m e a s u r e m e n t s  w e r e  a c c e p t e d  on ly  

w h e n  a s t eady  s ta te  was  ach ieved .  All 

m e a s u r e m e n t s  t o o k  p lace  in a qu i e t  

t h e r m o n e u t r a l  e n v i r o n m e n t  as p r ev i -  

ous ly  descr ibed.  7 F o r  compar ison ,  pre-  

d i c t ed  R E E  was  ca lcu la ted  w i t h  the  

Schofield equa t ion  adjus ted  for age and 

sex wi th  we igh t  and he igh t  8 (Table II) .  

Data Analysis 
A g e  in yea r s ,  w e i g h t  and  h e i g h t  in 

percent i les ,  p ro te in  in take  in g r ams  pe r  

k i logram per  day, and  R E E  in ki localo-  

t ies  p e r  d a y  are  e x p r e s s e d  in m e d i a n  
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Table I l l .  Anthropometry 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N o .  . . . . . . . . . . . . . . . . . . . . . . . . . .  (y) .................. W !ght p rcent![  .............. H e!Zht . . . . . . . . . . . . .  . . . . . . . .  

All patients 14 8.95 (0.12-16) 40 (3-97) 25 (3-97) 0.10 ± 1.10 

Male 6 7.6 (0.12-15.6) 45 (25-97) 25 (7-97) 0.45 ± 0.40 

Female 8 10 (0.32-16) 40 (3-90) 25 (3-80) -0.17 ± 1.37 

Neonatal onset 5 2 (0.12-12.4) 50 (3-55) 40 (3-75) -0.82 ± 0.81 ~' 

Late onset 9 8.9 (1.7-16) 40 (10-97) 20 (3-97) 0.60 ± 0.91 ~ 

Age, weight, and height are expressed in median and range. BMI z scores are expressed in mean ± SD. Unpaired t test was used to test for differences 
within the 2 subgroups (sex and age at presentation). 

op < .01. 

and range.  The percen tage  of  predic t -  

ed values of R E E  is expressed as mean 

_+ SD,  B M I  z scores  were  ca lcula ted  

with the data  of  Cole et al.18 

Sta t is t ics  were  ca lcu la ted  with  

Sta tview S E  + graphics  (Abacus  Con- 

cepts,  Inc, Berkeley,  Calif) wi th  an 

u n p a i r e d  t test  to ana lyze  d i f ferences  

between the groups.  

Two methods ,  s imilar  to those used 

by  Kap lan  et al, 9 were  used  to de ter -  

mine whether  measured R E E  was con- 

s i s ten t ly  and s igni f icant ly  d i f ferent  

from predic ted  REE.  With method 1 a 

pai red  t test  was used to test for differ- 

ences be tween  the measu red  and 

the predic ted  REE.  With method 2 the 

pe rcen tage  of  p r ed i c t ed  R E E  by  the 

Sehof ie ld  equa t ion  was ca lcu la ted  as 

measu red  R E E  d iv ided  by  p r ed i c t ed  

REE,  which  a l lows for compar i sons  

across  the wide range  of  age, weight ,  

sex, and onset of disease. 

Correlat ions between variables were 

d e t e r m i n e d  wi th  s imple regress ion  

analysis 
A P value  of  .05 or less was  consid-  

ered to be statistically significant. 

RESULTS 

A n t h r o p o m e t r i c  d a t a  of  our  s t u d y  

popula t ion  d iv ided  into subgroups  are 

s u m m a r i z e d  in Table I I I .  W e i g h t  

(z score  -0 .44 )  and  he igh t  (z score  
-0 .95)  were  lower  c o m p a r e d  with the 

U.K. growth  s tandards .  There  was no 

t r e n d  wi th  age. A s ign i f ican t  d i f fer -  

ence was  seen in B M I  z scores  be-  

Table lld. Resting energy expenditure compared with predicted values 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  Pre j te  . . . . . . . . . . . . . . .  * 4  . . . . . . . . . . .  

All patients 14 690 (186-1687) 1112 (141-1689) ~* 80 * 18 

Male 6 805 (186-1687) 1118 (141-1689) 88 ± 18 

Female 8 646 (290-1244) 1099 (360-1331)* 75 ± 16 

Neonatal 5 576 (186-1136) 555 (141-1480) 90 ± 29 

Late onset 9 761 (557-1687) 1128 (582-1689) ~ 78 ± 15 

Measured and predicted resting energy expenditure (REE) are expressed as median and range; 
% represents measured REE as percentage of the predicted value. Paired t test was used to 
examine the difference between measured and predicted REE values. Unpaired t test was 
used within subgroups (age, sex, and age at presentation) with percentage data. 

'~P < .01. 

tween  late onse t  and  neona ta l  onse t  

g roups  (P < .01). 

In 9 pat ients  (8 >3 yea r s  old) the 

upper  arm muscle area  was 2541 ± 961 

mm 2 (99.1% ± 11% of the reference val- 

ues), la indicating normal muscle protein 

reserves. The subjects  were  receiving 

low prote in  diets (median 1.10 g pro-  

tein/kg/d [range 0.6 to 2.1]) (Table I1). 

None  of  the subjects  s tudied received 

additional amino acid supplements.  En- 

e rgy  intakes are ca lcula ted  to provide  

the normal requirement for age.l 

To test  the a c c u r a c y  of  our  method,  

R E E  was m e a s u r e d  in 6 hea l thy  chil- 

d ren  (4 male,  2 female,  age range  20 

months to 12 yea rs )  after an overnight  

fast. There  was  good  ag reemen t  be-  

tween  m e a s u r e d  R E E  (mean 1060, 

range 700 to 1710 kcal/d) and predict-  

ed R E E  (1001, 700 to 1470 kcal/d).  
A close correlat ion was seen between 

measured  and pred ic ted  R E E  (r = 0.9, 

P < .01), a l though the overall  R E E  was 

lower  in our  s t u d y  popu la t ion  com- 

pa red  wi th  p r ed i c t ed  values  (Table 

IV).  Wi th in  subgroups  (age, sex, or  

time of onset of disease) no correlat ion 

was seen between R E E  and daily pro-  

tein intake or with neurologic status. 

Four  patients in chronic renal failure 

inc lud ing  one who  was rece iv ing  he- 

modialysis  had a normal  REE.  

DiSCUSSiON 

With  ind i rec t  ca lo r ime t ry  we mea-  

sured  R E E  in 14 pa t ien ts  wi th  M M A  

and PA. Overall ,  R E E  was reduced  by  

20% compared  with  the Schof ie ld  

equat ion,  which  has p rev ious ly  been  

shown to predict  R E E  in both heal thy 
and ill children. 9'19-16 

The reduct ion  of  R E E  could be due 

to severa l  factors,  which  d i s t inguish  

this  g roup  of  ch i ld ren  f rom thei r  

hea l thy  peers .  Fi rs t ,  the pa t ien ts  are  

t reated with a low protein  diet vary ing  

from 0.39 to 1.58 g/kg/d. This intake is 
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s imi lar  to the  p ro te in  in take  r e p o r t e d  

at  0.75 and  1.10 g /kg /d  in 2 pa t ien t s  

with M M A  by  Ney  et a122 and is in ac- 

cordance with the latest  publ ished rec- 
ommendat ions  for safe levels of prote in  

in take  in chi ldhood.  I'4 Previous  w o r k  

has shown tha t  R E E  in pa t ien ts  in 
chronic renal  failure or with phenylke-  

tonur ia  on low prote in  diets of 0.55 to 
0.6 g/kg/d was not a l t e red}  5'24 

Second,  be tween  20% and  30% of 

R E E  is re la ted  to muscle  mass in 

adul t s}  5 but muscle mass in children is 

re la t ive ly  lower. Nonobese  boys wi th  

Duchenne  muscular  d y s t r o p h y  26 who  

have a m a r k e d  reduct ion  in lean body  

mass (loss of 71% of muscle mass) have 

a 15% reduction in REE,  which is close 

to that  predic ted.  26 To exclude any ef- 

fect of body  composition, we have mea- 

sured  the u p p e r  a rm muscle  a rea  in 9 

children. This is related to the reserves 

in muscle protein and was normal com- 

pared  with previously publ ished data. 19 

Third,  4 of  the chi ldren with M M A  

have chronic renal failure, and one is 

t rea ted  cur ren t ly  with hemodialysis .  

Mon teon  et al u3 found that  in pat ients  

with chronic renal failure, R E E  was 

91% of that  of  a control  group wi thout  

hemodialysis  and 97% of  that  of a con- 

trol  group when these pat ients  were 

t rea ted  with hemodia[vsis.  In our  pa- 

tients we failed to demonstrate any rela- 

t ionship between renal  disease and 

REE.  We have one pat ient  (studied 

twice) wi th  M M A  who is t reated with 

hemodia[vsis, and he has a normal REE. 

Four th ,  neurologic status can have a 

major  effect on REE.  In children with 

quadriplegic  cerebral  palsy, the reduc-  

t ion of' R E E  is poor ly  cor re la ted  with  

body cell mass, and it is postulated that 

the central  nervous system is an impor-  

tant  regula tor  of basal energy metabo-  

lism in children. 27 The neurologic out- 

come of children with MiMA and PA is 

often poor,  because  movemen t  d isor-  

ders,  deve lopmen ta l  delay, and  cere-  
bra l  a t r o p h y  are common.  28'99 In our  

s tudy group, only 2 children were nor- 

mal with no neurologic involvement,  1 

infant z[ months old and 1 with vi tamin 

B12-responsive M_MA, both with  R E E  

close to predicted.  Thus neurologic im- 

pa i rmen t  may  have  con t r ibu ted  to the 

reduced  REE.  

The di f ference  be tween  R E E  in fe- 

male and  male pa t i en t s  is diff icul t  to 

explain.  Fi rs t ,  it  could  be a chance  

finding. Second,  there  are dif ferences  

in those  2 g r o u p s  wi th  r e spec t  to 

growth  and BMI.  Third,  there  are dif- 

ferences  in s eve r i ty  and  onset  of  dis- 

ease. In summary ,  we bel ieve tha t  the 

d i f ferences  in R E E  be tween  the 2 

g roups  are most  l ike ly  caused  b y  a 

combinat ion of several  factors. 

M i t o c h o n d r i a l  impa i rmen t  could 

p l ay  a major  role  in ch i ld ren  wi th  

MNLA both when  well and unwell, be- 

cause accumula t ion  of me thy lmalon ic  

acid in ter feres  wi th  mi tochondr i a l  

function.  50 In the  well  state this accu- 

mula t ion  may reduce  subs t r a t e  flux, 

whereas  in the unwell  state a threshold 

may be exceeded  that  uncoup les  the 

respira tory  chain. 30 For  these children, 

when they are well,  normal  energy in- 

take is suff icient  for growth ,  pa r t i cu-  

lar ly  in l ight of  r e duc e d  R E E  levels. 

However,  when these patients become 

unwell ,  thei r  R E E  may rise, 7 and the 

energy  in take  should  be increased  to 

take  account  o f  this and to p reven t  

possible metabolic decompensat lon.  
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