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lipodystxophy, a response to the diminished capacity
to store calories as fat. We have examined whether these associations in U~—
odystrophy are related to total caloric intake and the composition of the ‘let .
An 18—year—old female with total acquired lipodystrophy and a 23—year-old
normal female simultaneously took diets and supplements which varied in total
caloric content and composition . 3000 cal/d and 1800 cal/d diets of identical
composition (40% fat, 40% carbohydrate, 20% protein) were taken by the subjects ‘

~~ 

V

for 4 and 6 days, respectively , to test whether metabolic rates and thyrolA V

hormone concentrations would be higher with greater caloric intake.. We then
compared the effects of protein, fat or carbohydrate by adding 1200 cal/d of
single dietary components to the 1800 cal/d diet for three—day intervals. The
adaptation to starvation was assessed by a 72—h fast. Thyroid hormones and
metabolic rates were measured several times at the conclusion of each dietary
interval. The lipodystrophic subj ect’s metabolic rates were uniformly higher
than the normal value of 36.5 V/rn1 ± 10%. The mean resting nIet~bolic rate dur-
ing the initial 3000 cal/d was 63.7 W/n12 which fell to 56.1 W/m ’ during the
first 1800 cal/d die~ary period. Metabolic rates were higher when supplements
of protein (77.9 W/m ), fat (62.8 W/m 2) or carbohydrate (57.8 V/rn2) were added
to the 1800 cal/d diet. Dietary associated fluctuations in basal metabolic V

rates were less Eronounced. Fasting was associated with a decline in metabolic
rate to 46.5 W/m’. T3 concentrations in the lipodystrophic subject were within
the noinral range and varied directly with caloric intake and metabolic rate.
T3 concentrations were relatively higher during the periods of higher calorie
intake than during the unsupplemented 1800 cal/d intervals and the fast. The
highest mean conce4ration of 168 ng/dl was found during the period of protein
supplementation and~ the lowest of 98 ng/dl was during the three—day fast. ~~~~~~
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concentrations also varied with caloric intake but this was mostly due to change
in thyroid binding protein concentration or affinity. rT3 concentrations were
relatively unchanged throughout the study period. Metabolic rates in the central.
subject rose only with protein supplementation and fell during the three—day
fast. Of the three thyroid hormones measured, only T3 varied with caloric
intake. A crude but more accurate method of expressing metabolic rate in lipo—
dystrophy may be as Watt/kg estimated lean body mass. On this basis, the lipo—
dystrophic subject has a more normal metabolic rate when she consumes less food.
The elevation in metabolic rate seen with greater caloric intake may be a res-
ponse to the inability to store excess calories as fat . It is concluded that) the association between total caloric intake and metabolic rate in lipodystrophy

/ may represent a form of dietary—induced thermogenesis . The role of thyroid
hormones and in particular T3 in this process is unclear . Bowever , physiologic
fluctuations in T~ concentrations in response to the content and composition of
the diet may be one of several mechanisms that regulate metabolic rate . Total

\ acquired lipodystrophy may prove to be a useful model in the study of dietary—
~1nduced thermogenesis. ~~~~.
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ABSTRACT

The spontaneous hypermetabol I srn of tota l acquired I ipodystrophy Is

related to dietary intake and thyroid hormone metabolism. The elevated

metabolic rate has been shown to fall with fasting and thyroldectomy and

Is restored with refeeding and physiologic replacement of thyroid hormones,

respectively. Similar associations have been shown In normal volunteers In

whom starvation is associated with a decrease in metabolic rate (MR) and

3,3’,S—trilodothyronine CT3
) concentration and a rise In 3,3’,5’—trflodo—

thyronine (rT3
) concentration. Overfeeding has produced the opposite

effects. These changes may represent important physiologic adaptations

and, In lipodystrophy, a response to the diminished capacity to store

calories as fat.

We have examined whether these associations in lipodystrophy are

related to total caloric intake and the composition of the diet. An

• 18—year—old female with total acquired lipodystrophy and a 23—year—old V

norma l female simultaneously took diets and supp lements wh ich varied In

total caloric content and composItion. 3000 cal/d and 1800 cal/d diets of

Identica l composition (40% fat, 40% carbohydrate, 20% proteIn) were taken

by the subjects for 4 and 6 days, respecti vely, to test whether metabolic

rates and thyroid hormone concentrations would be higher with greater

caloric intake. We then compared the effects of protein, fat or carbohydrate

by add i ng 1200 cal /d of single dietary components to the 1800 cal/d diet

for three—day intervals. The adaptation to starvation was assessed by a

72—h fast. Thyroid hormones and metabolic rates were measured several

times at the concl usion of each dietary i nterval.

The lipodystrophlc subject’s metabolic rates were uniform l y hi gher

i-han the norma l value of 36.5 W/m2 ~ 1O~. The mean resting metabolic rate
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during the Initial 3000 cal/d was 63.7 W/m2 wh i ch fel l to 56.1 W/m2 during

the first 1800 cal /d dietary period. Metabolic rates were higher when

supplements-of protein (77.9 W/m2), fat (62.8 W/m2) or carbohydrate (57.8 W/m2)

were added to the 1800 cal/d dIet. Dietary associated fluctuations In basal

metabol ic rates were less pronounced. Fasting was associated with a decline

in metabol ic rate to 46.5 W/m . V

T3 concentrations In the lipodystrophic subject were within the normal,

range and varied directly wIth caloric Intake and metabolic rate. 13
concentrations were relatively higher during the periods of higher caloric

Intake than during the unsupp lemented 1800 cal /d Intervals and the fast. V

The highest mean concentration of 168 ng/d i was found during the period of

protein supp lementation and the lowest of 98 ng/d l was during the three—day

fast. T4 concentrations also varied with ca l oric intake but this was mostly

due to changes in thyroid bind i ng protein concentration or affinity. ri3 
V

concentrations were rel ati vely unchanged throughout the study period. - V

Metabol li c rates in the control subject rose only with protein supple-

mentation and fell during the three-day fast. Of the three thyroid hormones

measured, only T3 varied with caloric Intake.

A crude but more accurate method of expressing metabolic rate In

Ilpodystrophy may be as Watt/kg estimated lean body mass. On this basis,

the ilpodystrophic subject has a more norma l metabolic rate when she

consumes l ess food. The elevation in metabolic rate seen with greater

caloric intake may be a response to the Inability to store excess calories

as fat. V V

It Is concl uded that the associ ation between total caloric Intake and

metabolic rate in iipodystrophy may represent a form of dietary— i nduced

thermogenesis. The role of thyroid hormones and in parti cular T3 in this
V 
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process is unc lear. However, physiolog ic fluctuations In T3 concentrations

In response to the content and composition of the diet may be one of several

mechanisms that regulate metabolic rate. V Total acquired lipodystrophy may

prove to be a useful model In the study of dietary—induced thermogenesis.

INTRODUCTION - 
-

The spontaneous hypermetabolism of total lipodystrophy has been the

subject of several reports. In his classic description, Lawrence~’ found

the basal metabolic rate 58—150% above normal In the absence of clinica l

signs of hyperthyroid ism. Nevertheless, a roie of thyroid hormones In

maintaining the hypermetabolic state was implied when the patient underwent

thyroidectomy. Signs of hypothyroidism developed, the metabolic rate fell

and was then restored to elevated l evels when replacement doses of 64—96 mg/d

of dessicated thyroid were given. Rossini and co—workers2 have shown that

the metabolic rate was related to quantity and possibly the composition of

diet. 
V 

The subject in this study had basa l metabol ic rates of. +75 to +100%

above norma l in the fed state wh ich -decreased to -12 to +17% after a three—

day fast. A hypoca loric diet of only med i um chain trigl ycerides also resu lted

In relatively lowered metabolic rates.

The apparent association of thyroid, dietary Intake and metabolic rate

Is not unique to -total acu i red lipodystrophy. Pori-noy and co—worker-s3 
V

showed that T3 concentrations decreased and rT3 Increased in euthyroid

obese volunteers during a three-week fast.~ The associated decline In

metabolic expenditure during starvation s well documented.57 We have

described opposite changes during overfeed ing of norma l volunteers.8’9 V 

-

T3 concentrations Increased, rT3 concentrations decreased and basal metabolic

— 

rate was Increased by the end of 2—4 weeks . These find ings suggest that

- 3 -
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even within the physiologic ranges, thyroid hormone may play a role In the

day—to—day regulation of metabolic rate and a close association with dietary - 
V

Intake.

This report is an attempt to examine the relationship of the calorIc

content and composition of the diet to metabolic rate and the metabolism of

thyroid hormones in a rare condition, marked by spontaneous hypermetabolism,

insulin— resistant diabetes me llitus and the loss of subcutaneous fat.1° 
V

We hypothesized that dietary related changes In metabolic rate and Thyroid

hormone concentrations would be more rapid and exaggerated than In normal

subjects because of the decreased abilIty to store excess calories as fat.

We have compared ithe effect of protein, fat or carbohydrate on metabolic rate

and the metabolism of thyroid hormones by add i ng supplements of single

components to a mixed—calorie diet. We have examined the question of whether V

diets of varying caloric content, but ident i cal composition, affect-the

metabolic rate and thyroid hormone concentration proportional to caloric

va l ue. The association we have found between caloric i ntake, metabolic 
V

rate and T3 concentrations in this study suggests,- but does not prove, a

role for T3 in the day—to—day regulation of metabolic rate. Total acquired

iipodystrophy is a useful model for the study of dietary— Induced changes In

thermogenesis and the role of thyroid hormones In the modulation of this process.

METHODS

The experimental subject of this study is a female Caucasian oniy—child

whose birth weight was 3.8 kg after an uncomplicated full—term pregnancy and

delivery . Early growth and development was apparently normal until age 6,

when there was an unspecified weight loss and a striking change in the

physiognomy (see Figure 1). She was referred to the care of Or. David Brown

— 4 —
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at the Albany Med ical Center, Albany, New York where the diagnosis of total

acqui red llpodystrophy was made. There was absence of subcutaneous fat,

minimal l ymphadenopathy and hepatosplenomegaly. Hepatic enzymes were

elevated and percutaneous liver biopsy revelaed fatty Infiltration. Fasting

- blood- sugar was 148 mg/dI and a two—hour postprandial blood glucose was

300 mg/dI. She was given 20 units of NPH ins.ul in daily. -

- At the age of 14 years, she was first adm itted to the Medical Center

- 

V!~~
spita l of Vermont in March Of 1974 for eva l uation of- the diabetes. She

weighed 46.6 kg and was 157 cm tall. There had been oiigomenorrhea and

early pubertal changes were present. The typical features Of ll podystrophy

were apparent. In addition, the skin was coarse and thickened. There

were psoriatic lesions over the extensor surfaces and partial vltlligo of

the hands and feet. Lesions of acanthosis nigricans were along the base

of the neck, axlllae and groin. The liver was percussabie over 14 cm in

the mid—ciavicu lar line and the sp leen tip was pa l pable. There were no

signs of diabetic reti nopathy or neuropathy. Standard live r function

tests were normal. The Insulin dose was increased i-o 80 units NPH/d.
V 

.Postprand ial blood sugars were no lower than 230 mg/dl. The patient had -

an excessive appetite, which was apparent when the staff nurses found her - ‘1
eating other patients’ meals in addition to her own. - 

-

At age 17, there were several spontaneous episodes of nausea, vomiting,

dehydration, ketonernla and acidosis. On one occasion, when admitted to the

Medical Center Hospital of Vermont, the arterial pH was 7.22, total

venous CO2 content 4 meq/l , beta—hydroxybutyrate 3.21 mM (norma l 0.03 — 0.06)

-

.

- 
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and acetoacetate 0.71 mM (norma l 0.01 - 0.04). She responded to treatment

with electrolyte solutions and was given no additiona l Insuiln.

When first admitted to the Clinica l Research Center al the Medical Center

Hospital of Vermont in July , 1977, she was 18 years old, weighed 50.7 kg

and was 160 cm tall. The liver dullness extended 12 cm to percussion end

there was no lymphadenopathy, neuropathy, retinopathy, ascites or adnexal

mass. The average 24—h creatinine excretion was 1.08 g/d (range: 0.86 — 1.77

g/d) and the creatinine clearance was 182 mI- / m m .  Fasti ng serum triglycerides

- were 996 mg/d l , cholesterol 188 mg/di and there was an Increase In beta

and pre—beta bands on iipoprotein electrophoresis. Postprandial blood

glucoses were 318—594 mg/di , insulin C—peptlde assayed without separation of

pro-Insulin was 4.4 ng/mi (norma l 0.9 — 4.4) fasti ng and 6.2 ng/mI 1 h post— 
- -

prandlal (kindly performed by Bioscience Laboratories, Van Nuys, CA). A

test for serum anti bodies to insulin receptors was performed by Dr. C.R.

Kahn of Bethesda MD by the methods of Flier et al 1
~ and - none were found.

Body fat determined by the method of Buskirk and Gol dman12 from underwater

weighings was calculated as less than 0, probably due to methodologic

inaccuracies when app lying the formula to subjects of such- low total fat

content.

When readmitted to the Clinica l Research Center In September, 1977 at the

age of 18, she was given the various diets shown in Figure 2. An open

quadriceps, muscle biopsy (kindly eval uated by Drs. Brian Little and Patricia

Krupp, University of Vermont - Departments of Pathology and Anatomy) showed

occasional type I fibers with increased amounts of neutra l (oil red 0

positive) lipid , associ ated with increased subsarco l erm~ai NADH—tetrazol turn

— 6 —
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reductase activity. No other patholog ical features were observed with

either li ght or electron microscopy. Previously described13 muscle fiber

degeneration, mitochondrial aggregation and dilatation of the sarcoplasmic

V 
reticulum was not seen. Size, shape and numbers of mitochondrla were normal.

Muscle glycogen content in the fed state was 1.16 g/100 g wet tissue (norma l

0.21 — 1.13) and muscle protein was 0.190 mg/mg wet tissue (normal 0.13 — 1.17).
The subject had taken no medications other than Insulin during the three

weeks prior to the study. Except during the fast, when Insulin was withheid ,

she was given 30 units of NPH insulin subcutaneously at 0700 h and 5 unI t s

at 2300 h.

A 23—year—old norma l female volunteer simultaneously underwent the

same dietary program and testing protocol as the ilpodystrophic subject.

The coAtrol was 165 cm tail , weighed 66.5 kg and had a fat compartment of

24% determined by the underwater wei ght technique. Mean 24—h urinary

creatinine excretion was 1.42.g.

The stud y had the approva l of Vthe institutiona l Human Research Committee.

Informed consent was obtaIned f rom the subject , contro l, the New York State

Human Services Agency and the subject’s lega l guardian.

Meals were given at 0700, 1200 and 1800 h (Figure 2). The diet was

free of caffeine—containing beverages. The diet on the first 4 days of

the study contained 40% fat, 40% carbohydrate and 20% protein by calories -

and contai ned 3000 cal/cl. On study days 5-26, an 1800 cai /d diet of the

same composition was taken. 30% of the d~i l y meal calories were each Inc l uded

in breakfast and lunch and the rema inder at dinner.
Supplements of 1200 cal/d as protein, fat or carbohydrate were taken -

on study days 11—13 , 17—19 and 24—26, respectively. The supp lements were

-: 
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divided and given with meals at 0900 h and 1400 h. The protein was given as

hydrolyzed collagen with added tryptophan, EMFR (Contro l Drug, Port Read i ng,

NJ) and natura l food sources, the fat as Lipomu IR (Upjohn Co., Kal amazoo, Mi )

and the carbohydrate as a mixture of poiycoseR (Ross Co., Col umbus, 0-I) and

Dextromal toseR (lvlead—Johnson, Evansville, $ ND).

- On study days 27—29, the subject and control fasted and took only water.

In measuring the thermic effect of a previous diet or supplement, a

V - l iquid formula breakfast was given in place of the usua l breakfast on the

morn i ng follow i ng each supp l emented or unsupp i emented dietary period. The

V formula contai ned 400 cal , 20% proteIn, 40% fat and -40% carbohydrate by

Ca I or I es.

V Neither the subject nor the control had difficu l ty In tol erating any -

diet or supp lement except the fat. On the th ird day of the fat supplemented

period the ilpodystrophic subject complained of mi ld abdomina l distension,

flatulence and fatigue. The recta l temperature was 38.1 C. She was, never-

theless, cooperative. Reliable collections, of expi red air were obtained.

The symptoms subsided spontaneously the next- day.

During the July 1977 admission, metabo l ic rates were determined by

closed circuit analysis (Metabulato r, Sanforn Co., Cambridge, MA).

During the September 1977 admission, non—exercising metabolic rates were

tested - in a “thermoneutral” room where the temperature was 24—26 C and the

V rel ative humidity -40—50%. The subject and control were sup i ne and at rest. -
:

Expired air was -collected and the volume determ ined -in a Tissot spirometer.

The oxygen and CO2 content of the room and exp i red air were measured with a -;

Beckman E2 ~nd LB— i (Beckman Instruments, Palo Alto, CA), respectively. The

Instruments were frequently calibrated against compressed gases which had

previously been ana l yzed by the micro—Scho lander technique.14 Work of

exerci se was measured whi le  walk ing on a leve l t readmill at 1.34 rn/sec.

- - 8 -  
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Testing began on the final afternoon of each dietary interva l with a three—

minute collection of expi red air while resting and was fol lowed by three 1—

mi nute collectlons during a 15—minute perIod of exercise. After about 1 h of

rest, two pre—supper resting determinations were made. The supper was given

and metabolic rates were then tested every half hour for 4 h. The subject and

- control slept undisturbed In the “thermo-neutral” room. At 0600 h, they were

aroused just enough for duplicate “basal” expired air collections to be made.’

They were allowed to leave the room briefly and returned for a pre—formula

breakfast measurement of resting metabolic rate. The breakfast of liquid

formula was taken, and resting collect ions were obtai ned every half h for 3~ h.

Calculations of the metabolic rate were by the Weir method.15

Venopuncture was done at 2300 h on the fina l day of each diet or supple— ‘

mented dietary period and again at 0700 h the next morn i ng. - The subject and

contro l were supine for at least 1 h prior to blood collection to minimize

hemocentrat ion. ’6 Ana lyses of T3,
17 thyrox ine ( 1)  and rT3

19 
concentrat ions

were performed by modifica-tions of previously published techniques usi ng

pol yethylene glyco l to separate bound from free hormones. Samp l es were

ana l yzed in triplicate, non—specific binding for each sample in duplicate,

and samp l es from the subject and control were each ana lyzed In a single

assay to minimize i nter—assay variability . The Intra—assay variability for-

T3
-, rT3 and T4 In the physiologic ranges was 1.7%, 4.3% and 2.8%, respectively.

Antibodies for thyroid hormone assays were kindly provided by Dr. Albert Burger,

Geneva, Switzerland . 1
3 resin 

uptakes were determined with the Abbott Trisorb

M125 KitR (Abbott Laboratories, North Ch icago, IL). V

Certain technica l prob l ems were encountered In the thyroid hormone

assays and we have attempted to account for these diffic ulties . There were

- 9 —  -
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wide variations in serum protein concentrat ions which reflect hemoooncentr—

- 
- 

at ion or dIlution. Since T3 and T4 are predomi nantly protein bound, it

is necessary to be cognizant of these changes. Variations In T4 concentrations

were expressed as the free thyroxine index (% T3 resin uptake 100 X T4
ug/di). Variations in 13 concentraflon due to hemoconcentratlon were

accounted for by adjusting the 13 rel atIve to a constant serum protein

content by the formula: “corrected” T3 
= T3 ng/d l .X 

~measured ser~~proteln,g/d l h
Other errors In the measurement of thyroid hormone couid be due to high

concentrations of serum lipids. lipid occupied from 2—5% of the serum space

in the most severely lipém lc samples (from the period of fat supplementation)

and would dilute thyroid hormone concentrations. This souce of error is

small and was neglected. Very high lipid l evels did, however, interfere In V

the radloimmunoassays of thyroid hormone in samp l es from the llpodystrophic

subject taken during the fat supp l emented dietary peHod. The poorly formed V

and slippery precipitate, of antibody bond thyroid wh i ch resulted on the

addition of polyethylene glyco l might result in spurious measurements of

thyroid hormone concentrations in these samples .

Glucoses were determined by automated ana l ysis (Technicon—SMAC, Terrytown,

NY) using the glucose oxidase method. Chol esterol and trig iycerldes were

measured by autoana i yzer suing routi ne procedures. High density I lpoprotein

cholesterol was determined by the method of Bachorlk.2° Serum protein

concentrations were measured by the Biuret reaction.21 
Lipemic samples were

cleared prior to analysis with ether extraction.

RESULTS V -

The consequences of a l low ing the lipodystrophic subject free access to

-food and a 68-h fast are showrt In Table I. Some dietary restra int prior to

— 10 - V -
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this first Clinical Research Center admission in July 1977 was evident by

the rapidly worsening hyperllpidemia and hyperglycemia during hospital

days 1—2 wh!ch improved with the 68—h fast. On refeedl ng with a diet

denflcai to the one she had sel f—selected on the first two days of the

V admission, the metabolIc rate, blood lipids arid gl ucose returned toward

prevlous$y elevated l evels.

in order to study the effect of caloric i ntake and composItion of the

d iet on the metabolic rate the subject was readm~tted In September, 1977. She

took the diets and supplements shown in Figure 2. A significant amount

of food energy was lost as uri nary glucose, and this was greatest during the

InitIal 3000 cal/d diet and somewhat l ess while taking the protein and

carbohydrate supp l emented diets. Excretion of urinary glucose diminished

durin g the three—day fast despite the abrupt withdrawa l of Insulin , and this

reduction demonstrated the subject~s ab il i ty to contro l g luconeogenesis
- 

- 
during the fast. The weight was 48.8 to 47.4 kg during - the various diets

and supp lemented dietary periods. Change in weight did not seem to correlate

wi th measured f lu id balance or caloric Intake except during the three—day fast

- where the weight fell to 45.1 ,kg. Most of this wei ght loss was accounted

for by f luid loss (data not shown).

Plasma triglyceride and gl ucose concentrations (Table 2) rose with

Increased caloric intake and fell to near normal values-during the fast.

Trigylceride concentrations were greatest during the period of supplementation

with fat, and, along with the appearance of chyiomicrons, demonstrate the

subject’s difficult y In stori ng and metabolizing dietary fat.

Metabolic rates measured on the fina l day and next morn ing of each - -

dietary i nterva l are shown In Table 3 The lipod ystrophic subject’s

metabolic rates were uniformly, higher than norma l 22 when expressed as W/m2

calcu l ated body surface area. Onl y during the basa l metabolic rate

— 11 —
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determi nation fol lowing the thi rd 1800 cal /d dietary interval does The

metabolic rate fail just within the pred i cted range of 36.5 ± 3.7 Watt/irs2.
The metabolic rates were rel ativel y hIgher when the subject took the

initial 3000 cal/d mixed composition diet and each of the supplemental

diets than they were during each of the 1800 cal /d dietary intervals.

The association between caloric i ntake and metabolic rate is most evident

i-n the mean resting determinations. The resting metabolic rates were

consistently higher during each period of higher caloric Ingestion than

during the 1800 cal/d intervals and lowest dur ing the fast. The pattern

is l ess evident in the basal determinations of metabolic rate which

followed a 16—h overnight fast and probably are subject to more var~abiI1+ y

than the rest ing determinations. In some Instances, the effect of a diet

or supplement may have diminished by the following morning.

Protein supp lementation was clearl y assoc iated w ith the greatest

Increment in metabol ic rate, despite greater excretion of urinary glucose

V during this i nterval than the periods of fat or carbohydrate supplementation.
- 

The resti ng determination of metabolic rate during the third day of the

protein supplemented d iet of 77.9 W/m2 Is 123% above the expected value.

The highest basa l determination of metabolic rate was also found on the

morn i ng after the period of protein supp lementation and refl ected the

- persi stent effect of this supplemented diet. It is, however, puzzling

that the eveni ng meals supp l emented with protein, fat or carbohydrate had

about the same effect on th~ post—supper- metabolic rate determi nations.

The additiona l effect of the so—called “specific dynamic action” of the

supp l emented suppers was minim al . - 
-

- 12 - 
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The adaptation to the fast Is best seen In the mean resting metabolic

rate of 46.5 W/m wh ich Is stIll 25% above the normal basal va l ue. The

basal determination measured on the fina l morning of the fast was higher

than expected and may reflect the subject’s complaint of restlessness durIng
V 

those coi l ectiorus..

The work of exercise, expressed as the lncremswt- above the basal

measurement of metabolic rate, varied I Ittle arid inconsistently wflh -U~

diets and supplements. The lowest measurement was seen dur ng the three—day

fast where the subject had an unexpectedly high basal metabolic rate. This

relatively low va l ue for the work of exercise of 3.97- W/kg may reflect a

spuriously elevated basal determiantion rather than a true decrement in the

work of exercise. -

The respi ratory quotients (RQs) shown In Table 3 are generally within

the expected range and show some variation with the time of day, exercise

and the supp l ement taken. The RQS are generally lower during the basal

collections than the afternoon resti ng va l ues. The lowest ratios were

observed during the prlod of fat supplementation and the highest during

carbohydrate supp l ementation. The subject adapted to the composition of

the diet by using rel ati vely more of the supp l emented dietary component.

It is of Interest to compare the I ipodystrophlc subject-’s RQs~ at the conclusion

of the three—day fast with those of the control subject’s va l ues shown In

Table VI. The higher va l ues of the iipodystrophic subject reflects generally

a greater use of carbohydrate fuels.

Mean 13 concentrations obta ined at the concl usion of each dietary

interva l are shown in Table 4. Uncorrected 13 concentrations were consistently

higher during the periods of h i gher caloric intake than they were during the

— 1 3 —  



unsupplenented 1800 ca l/d diet Intervals or after the fast . The highest

value was seen during the period of protein supp l ementation, where the

highest metabol ic rates were also found. V Correcting the 13 concentratIons

V for changes In serum protein content tended to diminish the magnitude of

the fluctuations, and, In the case of the first two dietary periods,

reversed the pattern seen in the uncorrected T3 concentrations. Nevertheless,

“corrected” T3 concentrations were relatively hi gher during the periods
V of dietary supplementation than during each previous 1800 cai/d unsupplemented

interval and lowest after the three—day fast. The hi ghest mean “corrected”

- 73 concentration was found during the period of protein supplementation.

- ‘14 concentrations also appeared to vary with the caloric Intake and

were greatest during the period of fat supplementation. The free thyroxine

indices account for most of the fluctuation due to changes in thyroid

- . bind ing proteins rather than a physiolog ic change In 14 concentration.

The relatively higher free thyrox i ne Index seen during i-he period of fat

supp lementation may ref l ect prob l ems introduced into the radloimmunoassay

- by the very high concentration of serum l ipids during this dietary interval.

V - The rT3 concentrations were rel ati vely stable throughout the study

V period, except for a near doubling during the period of fat supplementation.

Although this rise may rel fect an i ncreased production of ri3, It may also

reflect an effect of the lipemi a In the radloimmunoassay. The expected

rise in rT3 concentrations with fasting was riot seen despite the diminished

concentration of T3, suggesting that the production or clearance of these

two hormones may be i ndependent. 72—h of fasting may also have been Insufficient

to produce the expected rise in ri3 concentrations.

_ _ _ _  
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V The 23—year—old control subject who was closely matched in estimated

lean body mass simu ltaneously underwent the same dietary and testing

protocol as the lipodystrophic subject. Except for the measurements

V during the - period of protein supplementation, the metabolic rates were

withIn the normal range22 of 41.3 4.1 W1m2 and did not vary with the

caloric intake (Table 5). The mean resting metabolic rate of 59.7 W/m2

during the period of protein supplementation was 42% greater than normal.

V V Contrary to the response of the li podystrophic subject, this effect did

- 
- 
not persist the next morning as an elevation - in the basal metabol ic rate.

The lowest resting metabolic rate was seen after the three—day fast, and,

as had been the case with the lipodystrophlc subject, the basal metabolic

- rate at the concl usion of the fast -was unexpectedly high. The control

subject also complained of restlessness.

Of the three thyroid hormones measured, only 13 varied with caloric

intake (Tab le 6). ThIs is most evident In the “corrected” T3 concentrations.

The lowest 73 va lue was observed at the termination of the three—day fast .

Variat ions in 14 concentrations were mainly explained by alterations in

thyroid binding proteins as refl ected in the relatively stable free thyroxi ne

Ind ices. The rT3 concentrations, as expected, rose dur ing the three—day

fast. -

DISCUSSION
- The metabolic rates of this Il podystrophic subject are abnormally 

V

high and rise with increased caloric i ntake. However, at least two

characteristics of total lipodys-frophy could give an apparent elevation

in the metabolic rate when it is expressed as energy consumed per calcu l ated

body surface area (W/m2). The absence of subcutaneous fat causes a relative

— 15 —
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decrease in the ratio of cal cu lated surface area to lean body mass. Ad ipose

tissue contributes relatively l ittle to metabolic expend i ture but usually

adds 10—20% to the body surface area. It is also apparent by the Herculean

appearance of the lipodystrophic subject that there Is an absolute increase

V In muscle mass, and on th i s  basis alone, energy consumption would be elevated.

These factors woUld lead the i nvestigator to find an increased metabolic

rate as Watt/rn2, but would not indicate whether the subject’s tissue consumes -

more energy than a comparable amount of normal tissue.

ComparIson of the lIpodystrophic subject with the control on the basis

of energy consumption per kg of estimated lean body mass may provide a

crude, but more accurate means of Judg i ng the rel ative rates of energy

expenditure. The control subject’s estimated l ean body mass of 48 kg is

compared with the lipod ystrophic subject whose body weight of 48—49 kg was

assumed to be enti rely lean. This comparIson is shown if Figure 3. It can

be apprec i ated that, in each comparison, the lipodystrophic subject has a V

higher metabolic rate per kg estimated lean body mass. It should be noted,

however, that -the difference between the two subjects is much larger during

the 3000 ca.i/d diet and each of the periods of supplementation than during

the fast and each 1800 cal/d i ntervals where the difference is negligible.

The Interpretation of this comparison Is consistent with the hypothesis

that the hypermetabolism of Iipodystrophy Is a result of a disorder in the

abilIty to store excess calories . When the llpodystrophic subject is

consuming norma l or less than norma l amounts, the metabolic rate per kg~ lean

body mass is more normal. When excess calories are taken they are ~~pended

as heat in response to the I nabilit y to store energy in the form of fat. This

may represent a true form of dietary— i nduced 1-hermogenesis.

- 16 -



The mechan i sms that regulate thermogenesis are speculative and a number

of revi ews of this subject are avai table.23 26 Thyroid hormones and 13 in

particular may regulate metabolic expenditure by several mechanisms. Among

them are Increased numbers or activity of the membrane associated Na
4 

—

ATPase pumps,27 Increased sensitivity to catechol amlnes28 or indirect -

stimulation of metabolic rate through accel erated protein synthesIs.~~’
3°

In this study, we have examined changes In thyroid hormone concentrations

and found in the I i podystrophic subject that T3 concentrations increased when

there was i ncreased caloric Intake (Fi gure 4). The correlation between 13

concentrations and metabolic rates is significant -Cr = 0.92 ~p -< 0.005), but

this does not prove that physiologic fluctuations in -T3 concentrations alter the

rate of energy expenditure. 13 concentrations may simply rise and fail in concert -

with dietary thtake and have no rote In the regul ation of metabolic rate.

It is noteworthy that protein supp l ementation was associated with the

greatest rise in metabolic rates in both subjects. In a careful study of

norma l male volunteers, Sw ift et al. 31 a lso found a significant increase in

the metabolic rate when the protein content of equicaloric diets was changed

from 34 g/d to 122 g/d. We have shown that 14 days of overfeed ing with

496 ca l/d of protein in normal male volunteers resulted in a 17% increase in

- the basa l metabolic rates.32 Significant but l ess marked Increases In -

metabolic expenditure were seen with fat and carbohydrate overfeeding.

The mechanisms by which protein increases the motabol c rate is unc l ear.

Increased blood glucose concentrations and giucosurla In the lIpodystrophlc

subject suggests that the cost of accelerated g l uconeogenesis contributed to

the increase in rate of energy expenditure. Clss ik33 has pointed out thai- at

least some of the protei n—stimulated increase in metabolic rate may be

-

. 
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V

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _



-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V - - V.’

spurious when measured by Ind I rect calorimetry. Endogenous nItrogen production

f rom gut flora could dilute exp ired oxygen and cause up to a 13% overestimation

of the metabolic rate. Swift in his study,31 however, observed the Increase

in the protein—stimulated metabolic rate both by dIrect and indirect calorimetry.

Even if this source of error exists, It would not explain the increment in

the metabolic rates we observed in both the lipodystrophic subject and the

control.

The per iod of protein supp lementation was preceded by the longest

Interval of the relatively hypocaloric 1800 ca l /d diet. It Is possible that

the period of protein supplementation was ana logous, In an accel erated form,

to the hypermetabolic response observed in the refeedi ng of- mal nourished

children. Brooke and Ashworth,34 however, described this phenomena not as

an Increment In resting metabolic rate but in the postprandlal effect of a

mea l on the metabolic rate. Because the effect of protein -in- our study was

seen both in the resting and basa l metabolic rates and not in the effect of

the meal , it is l ess likely that a re-feedi ng phenomena was being observed.

This study may have some relevance to the dietary treatment of total

acquired lipodystrophy. Since metabolic abnormalities were worsened with

increased caloric Intake regardless of -the composition of the diet, it would

be prudent to adv ise limitation of total caloric Intake. it -Is difficult to

set an idea l l evel, since the metabolic expenditure seems i-o parallel changes 
- 

-

In Intake. Small , frequent feedIngs would probably be helpful , since storage

- 
- capacity for unused calories is so limited .- And, fina l ly, excess dietary

fat is poorly hand l ed and should be avoided.

There are i nherent difficulties in the study of this rare disease and

prob l ems in draw i ng concl usions from the behavIor of a single patient.

Further study of this bizarre and unfortunate condition may Increase our

know l edge of thermogenesls and the physiologic mechanisms that regulate It.

— 18 -

_ _



- ~~~~~~~ V~~VV~~ V ~~V~V~~ VV 
_~~~~~ 

~T -- - ~~~~~~~~~~~~~~ - - ~~~~ -V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~ -

REFERENCES

1. Lawrence RD: Lipodystrophy and hepatomegaly with diabetes,

lipaemia and other metabolic disturbances. LANCET: 724—731 , May 1946

2. Rossinl PA, Self J, Aoki TI, Goldman RF, Ilewmark SR, Meguld MM,
Soeldner SJ, Cahill GF: Metabolic and endocrine studies In a case of

Ilpoatrophic diabetes. Metabolism 26: 637-650, June 1977
3. Portnay CI, O’Brian JT, Bush J, Yagenakis AG, Azizi F, Ark.y RA

Ingbar SH, Braverman LE: The effect of starvation on the concentration

and binding of thyroxine and trliodothyronine in serum and on the response
to TR}I. J Clin Endocrinol Metab 39(199): 191—4 ,1974

4. Vagenakis AG, Burger A, Portnay GI, Rudolph ii, O’Brian JT,
Azizi F, Arky RA, Nicod P, Ingbar SH, Braverman LE: Diversion of peripheral

thyroxine metabolism from activating to inactivati ng pathways during

complete fasting. J Clin Endocrin Metab 41(191): 191—194, 1975
- - 5. Keys A, Bo’~ek J, Henschel A, Mickelsen 0, Taylor HI (eds):

The Biology of Starvation, University of Minnesota Press, Minneapolis,

MN, 1950, pp 428-432, 303-339 - 
-

6. Grande F., Anderson JP, Taylor HI, Keys A: Basal metabolic rate

In man in semi-starvation and refeeding. Fed Proc: 16, 49, 1957
V 7. Bray GA: Effect of calOric restriction on energy expenditut e

In obese patients. LANCET Vol II: 397-398, August 23, 1969 
-

8. Danforth E, Horton ES, Sims EAH, Burger AG, V~agenakis AG,

Braverman LE, lngbar SH: Increased triiodothyronine (13) metabolic

clearance rate during over nutrition. Acta Endocrinol , Supplement 212,

85: 84, 1977

9. Goldman R, Haisman 1-1, Bynum C, Horton ES, Sims EAH: Experimental

obesity in man. Metabolic rate in relation to dietary inta’’. Bray GA (ed):

Obesity in Perspective, OHEW Pub . No. 75-708, 1974, p 165

— ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~ ~-VV~--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —--V ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- V~~ V V

t V

10. Cahill CF Rossini PA: Lipoatrophic diabetes, In Degroot, Potts,

Nelson, Odell , Martini , Wi ngrad, Steinberg (eds): Metabolic Basis of

Endocrinolo~y, Grune Stratton (Publ.), in press
11. Flier JS, Kahn CR, Rath J, Bar RS: Antibodies that impair

Insulin receptor binding in an unusual diabetic syndrome Wi th severe

Insulin resistance. Science 190: 63-65, 1975

12. Goldman RF, Buskirk ER: A method for underwater weighing and

the determination of body density, in Bo~ek J and Hechschel A (eds):
Techniques for Measuring Body Composition, National Academy of Sciences,

National Research Council , 1961, p 78
13. Afifi AK, Salman-Mi re J, Najjar S: The myopathy of. congenital

generalized lipodystrophy light and electron microscopic observations .

Johns Hopkins Med J 139: 61-68, 1976

14. Scholander JBC: Analyzer for accurate estimation of respiratory

- - gases in one-half cubic centimeter samples. J Bio1 Chem 167: 235-250

15. Wei r JB: New methods for calculati ng metabolic rate with special

reference to protein metabolism. J Physiol (Lond) 109: 1—9, 1949

V 
16. Jacobsen BB, Peterson B, Andersen H: Changes in serum levels

of thyroxine and thyronine-binding proteins (TBG, TBPA , albumin) Induced

by venous stasis. Acta Endocrinol 85: 39-43, 1977

17. Burger A, Sakoloff C, Staeheli V , Vallotton MB, Ingbar SH:

Radioimmunoassay of 3, 5, 3’ — triiodothyronine with and without a prior

extraction step. Acta Endocrinol 80: 58-69, 1975

18. Burger A: Thyroxine radioinTnunoassay, in Curtuts HS and Roth M

(eds): Cl inical Biochemistry , Principles and Methods , Edi tion 1, Berlin,

W. de Gruyter, 1974, p 881

19. Nicod P, Burger A, Ataeheli V , Vallotto n MB: A radioimmunoassay

for 3, 3’, 5’ - triiodothyronine in unextracted serum: method and clinical

results. J Clin Endocrinol Metab 42(5): 823—829, 1976

-- V - —- - - ~~~~~~~~~~~~~~~~ - - --V- —-— —-V -~~~~ — rn-V———-



20. Bachorik PS, Wood PD, Albers JJ, Steiner P, Denpaey N, Kitha K,

Warnlck R, Karlsson 1: Plasma high-density lipoprotein cholesterol

concentrations determined after removal of other ii poprotel ns by hepari n/

manganese precipitation or by ultra centrifugation. Clin Chem 22(11):

1828-1834, 1976 -
-

21. Cornwall AG, Baebawill CJ, David 144: DetermInation of serum

proteins by means of the biuret reaction. J BIol Chem 177: 751-756, 1949

22. Boothby WM, Berkson J, Dunn HI: Studies of the energy. of 
-

metabolism of normal individuals: A standard for basal metabolism with

a nomogram for clinical application. Am J Physiol 116: 468-484, 1936

23. Danforth E, Burger AG, Goldman RF, Sims EAH: Thermogenesis
during weight gain. m t  3 Obesity (in press) V

24. Himms-Hagen J: Cellular Thermogenesis: Ann Rev Physiol 38:

315—351, 1976

25. Sims EM: Experimental, obesity, dietary-induced thermogenesis

and their clinical implications. Clin Endocrinol Metab 5: 377-395, 1976

26. Edelman IS: Thyroid thermogenesis. New Eng J Med 290:

1303-1308, June 1974 
-

27. Edelman IS, Ismail-Beigi F: The mechanism of the calorigenic

action of thyroid hormone; Stimulation of Na~ + K’ — activated adenosine-

tryphophatase activity. 3 Gen Physiol 57:710-722, 1971

28. Spauldlng SW, Moth RH: Thyroid-catecholamine interactions,

In Burrow GM (ed): Med Clin North Am 59(5): 1123—1131 , 1975

29. De Martino GM , Goldberg AL: Thyroid hormones control lysosomal

enzyme activities In liver and skeletal muscle. Proc Nati Acad Sd USA 75:

1369-1373, March 1978

30. DeGroot U , Rue P, Robertson M, Bernal 3, Scherberg N: Trilodo-

thyronine stimulates nuclear RNA synthesis. Endocrinol 101(6): 1690-1700, 1977

~~~~~~~~~~~~~
--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -- ~~~~~~~~~~~~~~— - -



- - V

31. Swift RW, Barron GP, Fischer KH, Magruder ND, Black A, Bratzler JW,

French CE, Hartsook EW, Hershberger TV , Keck E, Stiles FP: Relative

dynamic effects of high versus low protein diets of equicaloric content.

Department of Animal Nutrition, Pennsylvania State University PublIcation

No. 232, 1957

32. Burse RI, Goldman RF, Danforth E, Robbins DC, Horton ES, Sims EM:

Effect of excess protein intake on metabolism. Amer 3 Physiol 20: 13, 197

33.- Cissik JH, Johnson RE, Rokosch DK: Production of gaseous
nitrogen in human steady—state conditions. J Appl ied Physlol 32(2): 155—

159, 1972

34. Brooke OG, Ashworth A: The influence of mal nutrition on the

postprandial metabolic rate and respiratory quotient. Br J Mutr 27:

407-415, 1972 
V



I



~~~~~~ —~fl — r P  ‘~~~~~~~

—a -‘

U, 0
- 0

-a C~. -. Ca) ‘~

~0

-J ta -
~~ 

_ _ _

(n

-j

-a.

~~ ~ z ~—4—r-~3 
-a a~ ~~

- 0.
0

a. 40

0~ fl-IQ 0>Q
(D r.

C~) ~~~m V -
Ca) .a N)____ ~

~~~~ g

U,

..i —a r%) + - C)

~%3 -~~ ~~~~~ -I,---Ca) ,
~~ ~~ ~o DI

V a
C.a.
0C)

V - rP

...a Ca) ~ N)
-- a Q—
~0 F )  ~ J

~~

‘I 
V

— ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ —— V— -V - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~



a 
- -  

_ 
0.

V 

-

( A r
Fri. . . ~~ (fl (fl .~~~ 01

CD CD CD ‘0 p~) • ..a
Co 0 . . . • CO

-‘ 0~ CO 01 ~O 0 (a) 0~ 0

C~ ‘<(Ar- c+
~~
.. -I

- - 0 0•0
0
s-i .1.

~ • ~~ + fl~ C)
~ J %.J ~J Q 

~~ 
a • N) f~

0 .J t.3 • a . V DI— (A
0 Is) ~~ Ca, Co ri

0C)
ri

• • • Ca) Q~ 01 .~~~ (71 V

CD 0 .~~~ •
— CD . • Co

01 .J ~~ .- ‘ Cl -J 0 (fl

• . . .~~~ 01 (fl ~ 01 +
CD ~0 Co ~0 ~ J CD • ~ J r)
p . . . •
. j  ~ J 01 Ca) -J Ca) CD 0

I (71 Ca) P fl
~J Co ~ J (71 0 • 01 DI(0 .~~~ 01 . . (0 • (A
01 P 01 4 0 ~J 01 e+

-~~~~~~~~~~~~~~ 



-TI 
~~ -4 C —I ~ (A r) —I

~~~~ C O  U C a~ ~~(D 0-D O ~~00. w (0 ri ri (0 .C -1(0 -
~ (0

0 0  ..DI  D I I  ..(D C~~-.• -1 ~~0. ~C ID 0~~1 20.0 0.—’
- CD (A a (A J 4)  ..a

~~- —I ~ a. 
~~~- CD 0 ri - —I

< ~~~ 1 C I D  (a)
-4 000.
(a) e P 1

CD -I
V 

- 
— .a.

CD Ca)- 0. 0
-a a

-‘ 01 N) (a) i a.
• -  • Co N) (.3 f l ) C

(71 %4

0.

V 

-

~~~~~~~~~

-

~ 

-V— —V~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



V 
- - - --

~
--—- -

~~ rn ~~ ~~~. w ~~~ u u — rn --DI )C CD ~~~DI ~~~~~~O ~~~~~~~ I ~~~~~ XV U, ED U, .. U ,  ~. (A ..ID ~~~~~lD •~..U(
DI % ri 3 D I  Br+ E S  7~~~~ %
—~ C) . N)-s N)I VNiII ( D C )  N)-’.(A C -‘.

(0 Z C 0 U1 40
0 ED ~~ 0 CD

V ED
~~ .0 ED 1 X ~~- 0

a a • (a)• (fl DI (a) DI
Co Co ‘.4 CD 01 • UI ______________

CD I~) • a . 01 • 0
UI (a) 0 — N) 0 (71 0

-a
- .a.

C)

ED- UI
• • a ~~ 01 (Xl  (A) 01 + DI
CO Co Co N) N) Co • ‘0 0
P Co N) • • • ‘.1 • ~~ — 0.
Co CD (31 (a) N) (Xl N) ~~4 0 

-

ED ED
a.

0
.a.

01-4
ri>

- o~~-i r
• a . (a) .P P (a) P ‘< f r i
‘.4 CO -J ‘~~ Cl (a) • N) ____
0, CD ‘0 . . . P • .OUi .
CD N) 0 Ui 0 Ui 01 Cl -a

- 0
EDC_I ~~

I ,
C)

• • P (Xl P (a) P + 0
Co ‘I N) - N) • N) -h

(0 (a) ~~ . • . (A) • 01— t+
UI -a 0 CD Co ‘.0 (0 ri

(A
C

- a- . - -.  - - - -
C a .
ED

• • • Ca)  P -P (a) P
Co ‘.4 CD -3 P • P_____ V

Co - 1  (0 . . a UI  •

~~ 
: ; 

~~~~

—

~~~~~

---- 
1

• . • p p ~~ Ca) Ca) -n
‘.4 - 05 -.4 01 01 —4 • (0 01
Os CD ( i)  • a a N) • (A
Is) 01 -1 P 

- 
.-. 0) (a) (+

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ V~~~V



- V

—.. -.4 -~~~ —I -~~ ~~ VI . C_I .
~~~ -4~~~ ( C O  b~.(aè ~~~lD (D~~~~~~ O ~~~00. CD 40,4 ‘-a - 

~0 -C 1(0 I0~~ +ED ED ‘‘.01 i -.m C’.~~I ~ .01
0.~~~a ED 0.-c 3 0 . 0 1  0.-a

—I —a _. (A -a (I -a
‘-a -4 -~

. — CD 0 ri -4
(a)

-4 O C D 0.
0 C (a) ( 4 1

V - — - )C V CD —4(4
DI

CD
ED

0. 0
-I

P -a - - -~ 
_

.- • 0 (0 0
CD Co ‘.4 D I E D

- 0 .

0.

P (a) -‘ CD ‘0
-P 

• N )  (0 CD (.3

::::t ~~~~~~~~~~~~~

I

~~~~~ 



LEGENDS

FIgure 1: Photographs of the lipodystrophic subject: Age 5 years, before

the development of lipodystrophy (upper right) and shortly after the marked

change in appearance at age 6 years (lower right, upper left) when the

striking loss of fat, hepatomegaly and hypermuscularity became apparent.

The subject at age 18 is shown in the lower left.

Figure 2: Dietary protocol and caloric balance for the lipodystrophic

subject during the September 1977 admissIon. Sequence of diets and

supplements is shown at the top. Line graph represents the lipodystrophic

subject’s weight on the final day of each dietary interval. Bar graphs

show the total daily calori c intake and composition of the diet during

each of the intervals. Arrows to the right of each bar graph represent

the total daily calori c retention of the lipodys trophic subject (tota l

calories consumed minus calori es lost as fecal fat and urinary glucose) .

Figure 3: Comparison of the control and lipodystrophic subject on the

basis of Watt/kg estimated lean body mass. Note that the difference

between the subjects is greates t during the periods of greater caloric

Intake.

Figure 4:- 13 concentrations and metabolic rates for the lipodystrophtc sub-

ject during each of the dietary intervals. There is a significant correlation.

Table 1: Summary of July 1977 admission when the Upodystrophic subject

was allowed free access to food duri ng the fi rst 1½ d. A total caloric

fast followed before the subject was refed.

Table 2 : Summary of serum lipids and glucose in the lipodys troph ic

subject during the various diets and supplements taken in September, 1977.

Values are the mean of two determi nations from the final 12 hours of each

dietary interval. 
- 
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Table 3~ : Suninary of metabolic rates and respiratory quotients of the

lipodystrophic subject. Resti ng metabolic rates are the means of three

afternoon determinations obtained duri ng the final day of each dietary

Interval . Exercise metabolic rate -is the mean of three determi nations

and expressed as an Increment above the basal metabolic rate from the same

study day. Pre-supper metabolic rates are the means of two determinations.

Post-supper metabolic rates are the means of three determinations taken

30, 60 and 90 minutes after the completion of the meal . Basal metabolic

rate Is the lowest of two determinations. RQ’s are the means of the
- same measurements used in the respecti ve metabolic rate determinations.

Table 4 : Suninary of thyroid hormone measurements of the lipodystrophic

subject. Values are the means of two samples, one drawn at 2300 h on

the final evening of each dietary interval and another from 0700 h the

following morning.

Table 5: Summary of metabolic rates and RQ’s in the control subject. - -

See legend in table -3  for explanation.

Table 6 : Summary of thyroid hormone measurements of the control subject.

Values are the mean of two samples , one drawn at 2300 h on the final

evening of each dietary interval and another from 0700 h the followi ng

morning. - - 
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