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" Evidence is presented that prersons exist with a consistently high
(hyperresponders) or low (hyporesponders) response of the  concens
tration of serum cholesterol to a change in diet. Possible mechanisms
underlying hypo-and hyperresponsiveness are discussed on the basis
of data availeble from both human and animal studies. The pheno-
menon of hypo- and hyperresponsiveness may have implications -for
counseling subjects who attempt to lower their serum cholestérol by
diet. However identification of true hyper- and hyporesponders is
greaily hampered by spontaneous, diet-independent within person
fluctuations ‘in the level '0f serum cholesterol. As yet, monitoring
a person’s response to diet should be based on relatively large num-
ber of serum cholesterol determinations.
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The type of fat and the amount of cholesterol in the diet affect the
level of sérum.cholesterol in. man. The effects of these dietary compo-
nents can be predicted using empirical formulas (14—16). However,
such. predictions 'of serum cholesterol changes only hold for group.
means-and not for individual subjects: It has been proposed (9) that in
certain individuals (hyporesponders) the level of serum cholesterol fs
insensitive to diet, whereas in others (hyperresponders) there are pro-
nounced effects. Only recently this concept has been substantiated
by experimental evidencé in man. In this communication ‘we' présent
evidence that human hypo- and hyperrésponders do exist and “we" des-
cribe this phenomenon in both animals and man.

HYPO- ANDT'HYPERRESPONDERS AMONG ANIMALS

The :feeding of cholesterol-rich diets to random-bred animals re~
sults in.‘marked inter-individual differences in the response of serum:
cholesterol ".Clarkson and ‘coworkers .(8) observed this phémomenon.in
squirrel monckeys (Saimiri sciureus) and showed that it was at. least
partly’ genetically ‘determined, Eggen (10) reported individual differenges
in the response of serum cholestercl. fo ahigh-fat, high-cholesterol diet
in rhesus monkeys (Macaca mulatta), C
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In studies with inbred strains hypo--and hyperresponsiveness to die-
tary ‘cholesterol has been clearly demonstrated. Wagner and Clarkson
(25) performed studies with a hypo- and hyperresponsive strain of Show
Racer pigeons. Van Zutphen and Fox (24) have tested six inbred strains
of rabbits (Table 1) and .found a pronounced between-strain difference
in the response to dietary cholesterol, Such differences were also obser-
ved when inbred strains of rats were challenged with a high-~chole-
sterol, high-cholate diet (1, 23). o

Table 1

Effect of diefary cholesterol on plasma cholesterol Jevels in inbred strains of rabbits

. Plasmau cholosterol, mmolfl

Strain
day 0 day 21

IIVOr : 0,740,1 - 8,04:1,9 -
WH|JS 0,34-0,0 8,0 108 -
X[T 0,930,3 17,3:1-4,2
ACEP/Y 0,7 40,0 18,948,6
oSl 0,8+0,1 " 20,4448
AX|Y . 0,640,1 . 33,63,

" Results aro expressed as means 4 SE for five male animels por strain. Up-'_unti_.l day 0 of the
experiment all rabbits recoived o cholestorol-free, commeroial diet; then, 0,6% (ww.) chole-
sterol was added to the diet, Data takon from Van Zutphen and Fox (24).

" Hyper- and hyporesponsiveness also extends to other dietary com-
ponents known to affect serum cholesterol levels: In young, growing
rabbits, cholesterol-free, semipurified diets containing casein®as a pro-
tein source produce hypercholesterolemia, but no such effect is obser-
ved with soyhean protein.’ o L
In a study with random-bred rabbits we found that animals, hypo-
and hyperresponsive to dietary cholesterol are also hypo- and hyper-
responsive, respectively, to dietary casein (3). This observation has re-
cently been extended to inbred strains (Table 2). ‘A rabbit strdin:hy-
perresponsive to dietary cholesterol also showed a' significantly higher
response of plasma cholesterol to casein than the hyporesponsive.strain.
In this study the rabbits were fed for periods of 4 weeks on'.chpleste~
rol-free, semipurified diets which differed in the  source. of:-protein

only (4). ' O
. . ‘:,I r"“:'Jt‘:'n._'b'.l.(" 3

Plasma cholegterol responses ip dintary variables in inbred rabbits ) e

- Change in plasma o'holéstb}ol,"mmol[i

. . M) .
Hyporesponder Hyperrospondor
n=+4¢ n-,—-4. .
Cholestorol v no cholrsterol S 4,302,256 " 15,20:4:9,73%
Cosoin v soy protvin -—0,36::0,008: 1,285:0,08*
Coconut fut v8 corn oil 0,64--0,77 . 4'93:}:3’70* '

Reosults aro cxpressnd as monns L SD. Change in plasma cholesterol is bho differéncd bobwoon
vplues at tho end of the distary porieds indieated, St

* Signijicantly different from hypere > ) : T
Beynen ot al. (4), yperespondexs: P < 0,05 (Sbudenbn.tfast t)'. After .
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In the two inbred strains of rabbits we have also measured the res-
ponse of their plasma cholesterol to saturated fatty acids provided by
coconut fat versus polyunsaturated fatty acids from corn oil, Choleste-
rol-free, semipurified diets were used, and the fat source was the only
dietary variable. Table 2 documents that the replacement of corn oil
by coconut fat elicited a significantly highr response of plasma chole-
sterol in the hyper-than in the hyporesponsive rabbits. Thus in these
inbred rabbit strains hypo- and hyperresponsiveness to dietary chole-
sterol and to the type of fatty acids coincided (4). A similar association,
although weaker ,was found in random-bred rabbits (6). = =~ o

HUMAN HYPO- AND HYPERRESPONDERS .

In the numerous studies which have dealt with the effect of dietary
cholesterol on serum cholesterol levels in man, a striking variability in
the response between subjects was generally seen, However, the res-
ponse of serum cholesterol to the dietary challenge in a given subject
was usually measured in one study only. Studies with! up to six subjects
tested twice (12, 18), showed that a subject hyperresponsive to the addi-
tion of egg yolk to the diet in one experiment may appear hyporespon-
sive in the second experiment and vice versa (Table 3). Thus, the
observed difference in response could be due to random fluctuatioms.
So-called ,spontaneous” fluctuations in serum cholesterol concentrations
cgn be as high as 20% in foth directions, and these fluctuation are of
the same order of magnitude as the generally observed response to
dietary cholesterol loads. Thus, observed differences in serum chole-
sterol response between individuals are not necessarily due to stable,
true differences in sensitivity to dietary cholesterol.

Table §

Changes in serum cholesterol levels in six human volunteers after daily consumptuon of six egg
yolks for 10 days '

Subject
A - B c D o) P
o ' 9, change in serurn cholesterol
i +5 —3 +17 +17 +27 +5
Bxpt 3 +16 +12 +26 +26 4 I3

Twelve montbs elapsed between Expt 1 and Epr 2; the design was otherwise identical,
The pre-experimental and experimental serum. cholesterol values were both based on two blood
ssmples obtained on successive days, After Katan and Beynen (12),

We have carried out three controlled dietary irials (12, 13) with the
same subjects to address the question whether individuals do exist
with a consistently high or low serum cholesterol response to dietary
cholesterol. In each trial the volunteers successively consumed a low-
{about 120 mg of cholesterol/day) and a high-cholesterol diet (about
80 mg/day in the first and second experiment and about 1000 mg/day
in the third trial), the cholesterol component of the diets (provided by
egg yolk) being the only variable. Putative hyper- (n==17) and hypo-
-responding subjects (n = 15) with mean serum’ cholesterol increases
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of 0 and 19% were selected in the first' trial and participated in the
second and third experiment. .Although the response in each subjects
was only partly reproducible, - the selected hyper-responders showed
significantly higher serum cholstrol responses in the: second and third
trial than did the hypo-responders (Table 4).

, Tablo 4
Effect of egg-yolk cholesterol on serum cholwsterol in three sontrolled {rinls with the same sub-
Jeets

Coange' in serum cholesterol {mmol/l)

Hyperesponders " Hyporresponders
n=15 n=17
Seleotion trial --0,01-0,21 +0,96:-0,27
First reproducibility trinl + 0,060,365 +0,2840,38%
Second reproducibility trial 4-0,474-0,26 40,82 +0,35%*

Results are expressed as means +'SD, Change significantly different from that in the hypo-
responders (one-tailed Stodent’s t test):
* B <0,05; * P«<0,005, Based on Katon ot al. (18).

Standardized regression coefficients for individual responses in two
experiments ranged from 0,34 to 0,53 (n = 32). o

We have found that the results of these laboratory experiments can
be extrapolated to a field situation. In 1976 the serum cholesterol res-
ponse to cessation of egg consumption wag studied lin subjects who ha-
bitually consumed at least one egg/day (7). Daily cholesterol intake
decreased from about 800 mg to 300 img. Mean serum cholesterol fell
slightly (by 3%), but the individual responses varied from —20% to
+8%. In 1982, 34 of the subjects lwere re-investigated and on our re-
quest they again eliminated eggs and egg-containing products from
their diet. It was found that the differences in serum cholesterol res-
ponse between individuals were still partly reproducible (12). Thus it
appears from our work that at least part of theé cholesterolemic res-
ponse to dietary cholesterol in man is individually determined.

Jacobs et al. (11) recently re-analysed data from dietary trials per-
formed from 1963 to 1966 in Minnesota (USA). In these experiments
the amount of cholesterol and the type of fat were the dietary va-
riables. Forty eight subjects had participated in two or more diet ex-
periments and at least two serum cholesterol values.per dietary period
were known. It was found that 40 of these subjects showed a consistent
response of serum cholesterol from ‘one experiment to another. In these
subjects the range of responsiveness across experiments did not exceed
70 to 130% of the value predicted by the empirical formula of Keys and
coworkers (14—16). '

We have addressed the question whether human subjects hypo- or
hymrrespoqswe to dietary cholesterol are also hypo- or hyperrespon-
Sive respectively, to saturated fatty acids jn the diet. Twenty three sub-
égcts who had participated in three controlled trials on the effect of
letary cholesterol (13) were also tested for their response to saturated
versus polyunsaturated fatty acids. In this experiment cholesterol intake
was kept constant at an average of 41 mg/MJ (almost 500 mg/day), but
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the ‘enérgy -percentage of dietary polyuinsaturated fatty acids was kept
at 21% for the first 3 and then changed to 5% for the next 3 weeks;
the ‘polyunsaturated: saturated fatty acids ratios were 1.91 and 0.22,
respectively.. The response of serum cholesterol to the change in dielary
fatty acid composition in this experiment was positively correlated
with> the: mean response fo dietary cholesterol in the three preceding
experiments (r = 0.50, n =23 P <0.05). This indicates that in humans
hyperresponsiveness to-dietary cholesterol is associated with hyperres-
ponsiveness to saturated fat. :

From these studies with humans however, it is also clear that one
always finds subjects who appear hyperresponsive in one experiment
and hyporesponsive in another. This is caused by diet-independent
within-person variability of serum cholesterol. From our studies (13} in
which dietary cholesterol was the only variable, we caleulated that the
within-person variation (expressed as standard deviation) while on
a constant diet 'was of the same order of magnitude as the true be-
tween-person variation in serum cholesterol response to dietary chole-
sterol. Thus the response detérmined in an individual in one experi-
ment contains g large error term. This term can only be reduced by
reduced by increasing the number of serum cholesterol measurements,
and even then the calculated response should be interpreted with
caution, '

DISTRIBUTION OF RESPONSIVENESS WITHIN THE POPULATION

How many persons among the population are truely hypo- or hyper-
responder? The distribution of individual responsiveness can be best
described relative to the group mean response of serum cholesterol.
Assuming a normal distribution and using the observed true between-
-person variation of the response, we calculated from our controlled
frials (13) that 10% of subjects will have a response of less than half
of the mean response, Another 10%, may have a responsiveness of more
than 150% of the mean. The distribution of response is thus quite nar-
row. These figures are very similar to those presented py Jacobs et al.
(11) for diets that differed in severdl components. Thus, it can be sugge-
sted that most patients will show some response to a cholesterol-lowe-
ring diet if adherence is good and the number of serum cholesterol
measurements are sufficient.

MECHANISMS UNDERLYING HYPO- AND HYPERRESPONSIVENESS
T0 DIETARY CHOLESTEROL :

The individual variability in cholesterolemic response must be duehto
differences in absorption and/or the eificiency of cog'npensatory mec a;
nism. In man the responses to increased amounts of .mgested cholesgero
are generally a diminished synthesis of cholesterol in the body an an
mhanced excretion of ncutral steroids .(21). There are at leas(t) tw?;h ccg}l?—
peting theories to explain hypo- and hy;;erresponsweness.l ;le l fbaﬁ
proposes that hyperresponders more officiently absorb ct}xloles ter;% |
hyporesponders. The other theory proposes that af};sef ct o <1as e | feer
ding hyperresponders less efficiently suppress cho esterol syn
than hyporesponders. , .
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Studies with rhesus monkeys (10), squirrel monkeys (17) and African
green monkeys (22) have shown that hyperresponders absorb a higher
percentage of intestinal luminal cholesterol than hyporesponders. This
is in aggreement with the observation that hyporesponsive monkeys
(6, 17), as well as humans (2), have higher rates of cholesterol synthe-
sis on low-cholesterol diets than hyperresponders. It would be antici-
pated that in order to maintain a steady-state of cholesterol metabo-
lism high rates of cholesterol absorption (either dietary cholesterol or
cholesterol excreted with bile) are associated with low rates of de no-
vo cholesterol synthesis.

On the basis of the fact that hyporesponders have higher rates of
cholesterol synthesis that hyperresponders it could be suggested that
the former should be able to suppress cholesterol synthesls over a wi-
der range than hyperresponders. Indeed, Nestel and Poyser (20) have
presented evidence that human subjects capable of reducing whole-body
cholesterol synfehesis (calculated from sterol balance data) most mar-
kedly, showed the smallest increase in plasma cholesterol upon chole-
sterol feeding. In addition, Mistry et al. (19) showed that upon choleste-
rol consumption the percentage decrease in 3-hydroxy-3-methylglutaryl
CoA reductase activity in freshly isolated blood mononuclear cells was
inversely related (r = 0,49, n = 37, P <C0,01) to the percentage increase
in plasma cholesterol concentration; the reductase is the rate-limiting
enzyme in de novo cholesterol synthesis.

PRACTICAL CONSIDERATIONS

The phenomenon of hyper- and hyporesponsiveness to diet is pro-
bably of major significance sincé the known disorders such as familial
hypercholesterolemia and combined hyperlipemia account for only
a small percentage of the variation in serum cholesterol concentrations
within populations, It is important to note that the hyperresponders to
egg-yolk cholesterol in our studies (18) had consistently higher mean
serum cholesterol values that their hyporesponders counterparts while
on their habitual diets. This may be the result of the differential sen-
sitivity to dietary cholesterol and to dietary fat. ,

There is considerable evidence that high serumi cholesterol levels
cause atherosclerotic diseases. In order to lower serum cholesterol it is
widely recommended-to limit cholesterol intake and to ifcrease the in-
take of poylunsaturated fats at the expense of saturated.fats. However,
such dietary advice would probably only be effective in the hyperres-
ponding segment of the population. A simple test for the indentification
of hyper- and hyporesponders would therefore be' desirable. Up. until
now, however, no simple test is available which discriminates hyper-
from hyporesponders. An improved understanding of the mechanism
and genetics of hyperresponsiveness would help in developing such

a test,
Anton C. Beynen, Martijn B, Katan

MIEDZYOSOBNICZA ZMIENNOS » ‘ ‘
MIEDZYOSOBNICZA SC ODPOWIEDZL CHOLESTEROLU SUROWICY

W pracy przedstawiono w oparciu o wyniki wieloletnich badah wias -

. nych po

lglatd na temat odpowledzl stefenia cholesterolu na ‘takie skaldniki diety jak: cho-
esterol pokarmowy, blalko i kwasy tluszezowe, Przeprowadzone testy dieletyczne
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pozwolily na wyrdinienie hiper- i hiporespondentéw w stosunku do cholesterolu
pokarmowego, kazeiny i tluszezu kokosowego. Okazalo sig, Ze na ogd! ludzie rem-
gujacy znacznym wzrostéem steienia cholesterolu w surowicy na cholesterol po-
karmowy sg réwniei hiperrespondentami w stosunku do pozostalych wymienio-
nych skladnikéw pokarmowych (tabela 2), Osobnicy nadmiernie wrazliwi wyka-
2ujq  wyiszy poziom cholesterolu przed wprowadzeniem do diety testowanego
skladnika i odwrotnle, hiporespondencli majg niisze stezenje cholesterolu na Wy~
czajowej diecie. Autorzy sadza, Ze moze to byé wynikiern wlagnie zréznicowana)
migdzyosobnicze] wrazliwosei na cholesterol i tluszez pokarmowy. U wybranych
hiper- i hiporespondentéw w stosunku do cholesterclu pokarmowego oceniono
jeszeze’ dwukrotnie odpowiedz na fen skiadnik diety, Choclaz odpowiedZ u kazdej
osoby byla tylko czefciowo odtwarzalna, to wybrani hiperrespondenci wykazywali
znamiennie wyzsze wzrosty stezenia cholesterolu w drugim i trzecim badanin niz
hiporespondenci (labela 4).

Zjawisko wysokiej i niskiej odpowiedzi na skladniki pokarmowe moze znalezé
prakiyezne zastosowanie w poradnictwie dla 0s6b podejmujacych wysitki, aby
obnizy¢€ stgzenie cholesterolu przy pomocy diety, Jednakie identyfikacii prawdzi-
wych biper- i hiporespondentéw przeszkadzajg samoistne, niezaleine od diety,
wewnatrzosobnicze fluktuacje poziomu cholesterolu w surowicy. Jak dotychezas
ocena osobniczej odpowiledzi na diete powinna byéd oparta na wzglednie duge}
liczbie oznaczeh stezenia cholesterolu,

A..II, Bedtuen, M. B. Karan

ME)KMHjIMBM}IyAJIBHAH UBMEHYUBOCTE OTBETA XOJECTEPUHA
ChIBOPOTEM HA UM3MEHEHMUE IMETEI

B TpyRe Ha OCHOBAHMM DPe3YALTATOB MHOLOJIETEMX MCCIEAOBAHMIL NPEACTABMIM
coficTBEHHOE MHEHME HA TEMY OTBETA XOHUGHTDALMM XOJeCTCPMHA Ha CIEAYIOWME
KOMTIOHEHTBI JAMETBI! IDNNEBOM XojecTepuH, GeNOK, upnble Kucrotel, IIposexen-
HblE JMETeTMYECKME TeCThI NO3BONMIAM BBIAENTUTb IUNEP- M IMIOPECROBXEHTOB N0
OTHOIIEHMIO. X NMIUEBOMY XONECTEPMHY, KAa3eMHY M KOKOCOBOMY Maciy. OR&3aioch,
Hro JM0xM, o6bIYHO pearupyouiye 3HAUMTENbLHLIM NOBLIIGHMEM KOHLEHTPALMM, X0-
YECTEDMHA B CLIBOPOTKE HA INMINEBOM XOJECTEPWH, ABIAIOTCA TaKiKe IMneppecnou-
AEHTAMM 10 OTHOWEHMIO K OCTAJNBLHEIM BhILEYIOMSHYTHIM IMILEESIM KOMIIGHEHTAM
(rabn. 2). ¥V wupesMepROuYBCIBMTENBLHEIX MHAMBMEYYMOB oOuapymuiau 6oxce BLICO-
KMit yPOBENL XONECTCPMUA X0 BRCASHMS B IUeTY HABII0JaeMOro KOMIIOHEHTa, M Ha-
obopor — y runopecnomyenTon Gofee MMIKAR KOHUEHTPALMA XONECTEPKHA B OGbIy-
H0i Auere, "ABTODBI CUMTAIOT, YTO TOT MOMEHT MOMKeT OBITL JMMEHHO DPe3YJLTATOM
MO MDEPLRIMPOBANNON  MEIRUMHANBUAYATBEOR YYBCTEUTENHHOCTH K XOMECTEPUBY
Y NKMINEBOMY XKupPY. Ele ABaKAb! OLEHRMBANM ¥ MIODaHUbLIX runep- ¥ Irunopecnod-
AENTOB UTBET 1A IMUIEBOY xonecrepuy, KOTH y KAKAOrO JuMUA OTBET OLIM TONLKO
HACTH™NO BOCCTAHOBACH, HO Yy MBGPAMMBLIX THIEPPECHOHAEHTOR OGHADYKANYU XapaK-
TepHO GoNee BLICOXME XOBLEHTPAUUIM XONECTEPUHA BO BPEMA BTOPOTO M TPETLETO
MCCAENOBAENA, HeM Y ruropecmonjenros (tabi. 4),

ABnenne BLICOKOT0 ¥ HM3KOTO OTBETA HA TIMINEBBIE KOMIOHENTh! MOXET MMETh
TPAaKTHYECKOe 3HaueHMe [JA RONCYJpTAUMY ¥ MK, NPeAnDMHUMatoux yCHInLa
NOHM3}Th KOHUEHTPALMIO XOJIECTEPMHAZ NPM NOMOL AMCTH, Bee-raru MacuTwgu-
REUMM HACTOAIUMX IMIED- M IUIIOPECNOHASHTOB MCIUAIOT CAMONPOM3BOJLHLIER, HE-
33BUCHMBIE OT JHMETLI BHYTPUUHAMBUAYANEHRIC J3MEHEHMS YROBHA XOJeCTEpuHA
B CBIBODOTKE. Onenxa MEOUBKAYAJIBLHOTO OTBETA HA JMETy B NacTofllee BpeMa
MONMHA OCHOEBIBATECA Ha OTHOCKTENBHO GONELUOM KONWHECTRe OnpejeseHsst KoH-
HEHTPAUUK XoNecTepuna,
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