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Abstract : Forty patients below the age of 40 years with myocardial infarction were 
studied with a view to finding the aetiological factors of the disease. The cholesterol 
values of the young patients with myocardial infarction were found to be significantly 
higher than those of the contro!s. The lipoprotein profile of young infarcts using 
nephelometry showed that the M fraction ( = VLDL) in the patients was signifiCant1~ 
higher than that of the controls. Hyperlipoproteinaemia occured in 45 % of the young 
patients'with myocardial infarction, W.H.O. type IV being the commonest. Another 
interesting feature was that arcus cornea occured in 50% of the young patients with 
myocardial infarction. 40% of t1l.e patients gave a family history of myocardial 
infarction in first. degree relatives under the age of 60 years. Obesity, hypertension 
and diabetes mellitus are uncommon risk factors in .our series. 90% of the patients 
had one or more of the risk factors for C.H.D. the major risk factors being smoking 
and abnormal lipoprotein patterns. 

The cholesterol, triglyccrides and "M" values (VLDL) of thc relatives of the 
patients with n~yocardial infarction were siylificzntly highcr than those of the controls. 
Elevated'VLDL appears to  be a risk factor in the young patients with myocardial 
infarction. 

1. hfrsdnctiora 

Coronary h,eart disease (C.H.D.) agyears to have becortle a serious problem in 
Sri Lanka. For many years it wzs considered a disease of middle and old age; 
more recently there appears to be an increasing incidence in younger i n d i ~ i d u a l s . ~ ~ . ~ ~  
This paper therefore fccusses attention on the risk factors present inthose 
individuals below the age of 40 years with a definite myocardial infarction. 

2. Subjects, Methods and Tewindogy 

The subjects comprised a groEp of 40 patients beIow the age of 40 years at the time 
of the first mqscardial infarction, investigated in the Cardiology Unit, General 
Hospital, Colombo, between January and Novemk-er 1974. Out of the 40 patients, 
32 were admitted in the acute stage of the illness, while 8 patients had well docu- 
m.ented myocardial infarcticn ~ r i o r  to Januzry 1974. Those who failed to survivc 
foll3wi~g the i~farction were l l ~ t  included in this study. 

All the patieiits were qnesfo~eed with regard to (I) occupation and incca-e, (2) 
any past history of iscI~l.,aenic hesrt disease, bypertension, diabetes :nellitus or cere- 
brovascular zicidenfs, (3) s i m k i z ~  I:.zbits and (4) history of ischaerpic beart disease, 
diabetes nrellitus, cerebrovascclar accidents or hypertension amoF2 the first degree 
relatives. In addition to the above, the fer-ales were questiooed regarding the use of 
oral cmtraceptives. 
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The physical examination included : (1) a full exankation of tlie carcliovascular 
system, (2) xeasurement of height and weight and (3) examination for clinical signs 
of liyperl~poprote;l;~e~i'ja sucll as zrcus cGrneae, xm'lhomzta, yellow depcsits over 
paln:ar creases, yeilovr papules cn  skin 2nd nxccse, lipeeII.ja refinalis and hepate- 
splenori~egaly . 

In every patient the foilowing ir~vestigaticns were dcne routi~ely : (1) fasting 
blood sugzr and if this is above 100 mg % or if there was a kmily ]?istory of diabetes 
meilitus in the first degree relatives, a gl~cuse tolera~ce test 3 weeks fellowing tke 
ischaelnic episode, (2) haemoglobin and packed cell vo!umes, (3) wb.ite blood cocnt 
and diEercrltia1 c ~ u ~ ~ t ,  (4) erytfirccyie sedimen~ziitjon rzte, (5 )  plzcrna proteins, (4)  
serum cholesterol by SacIcett's metk~d, (7) serum triglyceride using ~.ei!;cd 6esurlbecI 
by Lzurell and Scan, after a 14 hour <;st, (8) ser:al E.C.G's acd (9) teleradioganl of 
the chest. The investigations (1)-(5) anc! (9) wcre done 2 weeks following the 
~nhc t ion .  If :he E.S.R. was jxrsistedy high, other lirboratory tests to exclude 
collagenosis were performed. 

Lipoprotein patterns of the young patients with myocardial infarction, their 
relatives, and controls were estimated by n:ea:bran.e filtriition and ne~l--eIornetry.2~.21 
This is a simple and an inexpensive method of lipcyr~tein analysis. Blood was 
drawn after a 14 h fast at least 3 mcnl3.s after the attack of nzyocardial infarctifin, 
All the patients were advised to stop. all the Iipid lotver-inz agents for at least orzc 
month prior to lipoprotein estimation. In this method L partic!es (chylonicrons, 
Sf -, 4CO), were separated from M particles (VLDL, Sf 20-400) by membrane 
filtration of diluted serum and the concentration of particles in each fraction 
quantified by n~easurement of light scattering intensity (LSI) using the nephelometer 
described by Thorp et aLZ3 The concentrations cf the three lipoprotein fractions S 
(beta fraction, Sf 0-20), M(prebeta, Sf 20-400) and L(chylomicrons, Sf > 400), 
were calculated from the nebhe!orn.etriz measurements o f :  SI and the value of serum 
cllolesterol, using the equation described by Stone eta]." 2.ese ~uthors have shown a 
high degree cf correlation between t!:ese estimated values and those obtzined by 
analytical u1tracen:rifugation. 

Twenty patrents admitted to Cardiology Unit, suf5ering frcx noncardiac chest pain, 
congenital heart disease, chronic rheumatic heart disease and hypertrophic cardio- 
myopathy between ages or̂  20 and 40 years were used as a control group. Ten first 
degree relatives of th.e subjects were also studied. 

Glucose tolerance was assessed by conventions! criteria. Patients were considered 
overweight if their weight was 20 % more than normal weight for the respective age, 
sex and height. l6 
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The criteria for the diagnosis of my~csrdiai infarction were the presence of 2 or 
more of the following : (1) characteristic dir~ical presentation (2) path~logica! 
Q waves, ST elevation or T wave iin-ersion in the ~Iec~roczrdiogr~rn with evolutional 
changes and (3) rise in serum zsp~rtate aninotransferase (SGQT) and/or rise in 
total level of iactic acid dehydr~~ense (LDH) as well as a rise over 70 % of the heat 
stable fraction of the LDH. 

A person was considered to be s~ffering Irom hqpertension when there was sustail~ed 
diastolic pressure of more than 90 rrmHg. In escll set of cl~olesterol estlnations 
made, the Iz?,oratory sta~2arcls and I.C.I. reference stsndards were estimded as a 
check on accuracy. A person was considered lo be Pypercholesteroiaemic If the 
serum cholesterol level tvzs hi,;her than 240% r:nd hnertriglycerio'aen2ic ~f the 
serum triglyceride level was higlier than 140 % respectively. The upper limit of normri 
for S fraction WZS talcen 2s 47 mp% ; the upper lirslil of normal M fraction was 
rake11 as 470 mg %. 

, 3.1.. Age 

The age distribution of the ~ z t j e ~ t s  \vitIi nlyocardial !darr,:ion is givexi in Table 1, 
which shows thzt nyccerdial infarciion is rare before the age 30. The mean age of 
the group is 34.0 (-1- 4.59) years. 

TABLE 1. Axe distri'n~'=:ion of ycxmg patients with niyocardial inlBrct'on. 

Age No. of cases Perccntage 
- -- .- . . - - - -. .- - 

20 - 23 I 2.5 
25 - 29 5 12.5 
30 - 34 I 1  27.5 
35 - 39 23 57.5 

Mean age 34.0. & 4.391 4.0 " 1CO.O 

3.2. Sex 

There wcre only 4 fexales. Male : Fen;;l-!e ratio in our g r o q  was 9 : 1. 

Table 2 shows that the najority of the patients with myoczrdial infzrction belong to 
the middle and low income groups. The clerical sza3 was rmst commonly 
affxted, followed by technicians. 
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TABLE 2- Occupations of young patients with myocardial infarction. 

Occupation No. of subjects 
- 

Doctors 
Executives 
Businessmen 
Engineers 
Planters 
Army Personnel 
Priests 
Technical Staff 
Clerical 
Teachers 
Stenographers 
Housewives 
Sailors 
Rubber Tappers 
Unemployed 

Seventeen patients devdoped inferior transmural infarctions and I4 .had anterior 
transmural infarctions. There was one patie# who %ad two infarctions. 

3.5. Risk Factors 

3.5.1. .Hypercho!estero laemia and Hypertriglycerideamia 

Twelve patients had hvperc'nolestcrolaemia and 12 had I~ypertriglvceridaemia 
(Table 3). Of these, 5 patients had both I~ypercholesterolae~~~iif and hyperlrigly- 
ceridaemia. The cholesterol values of young pat~ents with myocardial infarction 
were observed to be significantly higher tl.ran thosc of the ccntrols (Table 4). 

TABLE 3. Risk fzctors in young p.tients with myocardial infarction. 
. -. . . - - .- -- -- " 

Risk factoi-s NO. of patikn~s Perceiltage 
--p----.ppp.--...--------p-..--. ~ 

IJypercho!este;oTaen;ia* 12 30.0 
I-Iypertriglyceridaemia* 12 30.0 
Hyperteasion 5 12.5 . 
Smoking 27 . 67.5 
Abnormal glucosz tolerance 2 5 .O 
Obesity 9 22.5 
F.H. of T.W.D. 16 40.0 

-- -- . . ..- - .. -. ----- - 

$5 patient,~ had both. itypczchoks:~rc;iacixiz a d  hypertriglycaidacmia. 
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TABLE 4. Comparison of serum lipid values among patients with myocardial infarction 
and controls. 

7 

Young Infarcts Control 
n = 40 n = 20 

Mean S. D. Mean S. D. 

Ape 34.0 4.89 30.0 5.38 P> 0.1 - 
Systolic 125.0 - 13.81 120.0 9.43 P> 0.1 

B.P. 
Diastolic 78.0 4.58 '18.0 7.35 P > 0.1 

Serum Cholesterol 231.0 50.01 204.0 31.37 0.05 > P > 0.02 
Serum Triglycerides 108.0 106.10 64.0 37.38 0.1 > P> 0.05 
-- -- --- - - - - .- 

3.5.2. Lipoprotein estimation 

Lipoprotein estimation showed that L(Sf> 400) and S( =Sf 0-20), values of 
patients showed no significant difference when compared to controls (Table 5) ; 
the M values ( =Sf 20400) of patients were significantly higher than those of the 
controls. In case of relatives of patients with myocardial infarction, cholesterol, 
triglyceride and M values were significantly higher than those of the controls (Table 6). 
Table 7 shows that out of 40 patients, 2 had type IIa pattern, 3 had IIb pattern, and 
13 had type IV pattern indicating that 45% of the young patients with myocardial 
infarction had some type of hyperlipoproteinaemia. 

TABLE 5. Comparison of serum lipoprotein values of patients and controls. 

Young Infarcts Controls 
. n=40 n = 20 

Mean S.D. Mean S.D. 

Age 34 4.89 30 5.38 P> 0.1 
L(Sf over 400) 20 11.75 15 6.48 0.1 > P > 0.03 
M(Sf 20 - 400) 450 246.12 306 81.01 0.02> P >  0.01 
S(Sf 0 - 20) 392 101.54 344 66.46 P > 0.1 

3.5.3. Hypertension 

The mean systolic blood pressure for the young infarcts (Table 4)was 125 mmHg (S.D. 
13.81) and dizstolic 78 mmHg (S.D.4.58) and there were 5 patients who had been 
treated for diastolic hypertension in our series. In three of them, blood pressure 
returned to normal following the infarction. In the remeining 2, persistent diastolic 
pressures of 95 to 100 mmHg and 105 to 110 mmHg respectively were recorded 
following the myocardial infarction. 



TABLE 6. Compzrison of serum lipid and lipoprotein vdues of relative; of patients 
and controls. 

L .  

-- 

Relatives of 
Young Infarcts Controls 

n-10 n - 20 

Mean 

Age. 33.0 
Systolic 124.0 

B.P. 
Diastolic 84.0 

Serum Cholesterol 235.0 
Serum Triglycerides 132.0 
L(Sf > 400) 18.0 
M(Sf 20 - 400) 550.0 
S(Sf 0 - 20) \~ 374.0 

S.D. 
-. 

4.36 
11.39 

5.91 
20.53 
51-18 
10.72 
29.43 
54.55 

Mean S.D. 

TABLE 7. Freq!lency distribution of different types of hypcrlipoproteinaemia. 
-- 

Type of Hyperlipoproteinaemia Frequency distribution 
Young myocardial infarction - 

Classification Number Percentage 

SML LV,"rO racommendPd 
S I la 2 5.0 

SM + hl[S l l h  3 7.5 

M -I- M L  JV 14 32.5 
ML* V 0 0 

*ML pattcrns in which the lasge particles (Sf > 400) concentration exceeded 
100mg1100ml. 

3.5.4. Cigare~te Smoking 

There were 27 smokers and 13 non-smokers [Table 8). There were no patients who 
gave a history of cigar or pipe-smoking. Sixteen patients gave a past history of' 
smoking less than 20 cigarettes a day and 7 had smoked over 3 packets (36 cigarettes) Ci 
a. day for several years. 

There wzre only 2 cases of diabetes melEitus confirmed by glucose tolerance test. 
Both were mild diaketics and were cantrolled on diet alone. 
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TABLE 8. Prevalence of cigarette smoking in'young patients with myocardial infarction. 

No. of cigarettes smoked No. of subjects 
per day. 

Less than 20 
20 - 30 
Over 30 

TABLE 9. Clustering of risk factors in patients with myocardial infarction. 

No. of risk factors 
present No. of subjects Percentage 

3.5.6. Familj) History , 

Sixteen patients gave a history of myocardial infarction in first degree relatives under 
the age of 60 years. Of these, 8 patien-ts gave a history of myocardial infarction in 
2 c r  more of their first degree relatives. Six patients gave a family history of diabetes 
rnellitus among first degree relatives ; there were no cases with a family history of 
hypertension. 

3.5.7. Obesity 

Nine cf the 40 patients had obesity. 

3.5.8. Haemotocrit, Sedimentation and Plasma Proteins 

Estimations of haemoglobin and packed cell volumes were done in all the cases. 
These values were found to be within normal limits. Erythrocyte sedimentation rate 
and plasma proteins were within normal limits. 

3.5.9. Arcus Cornea and Xantlzomaia 

Twenty patients had arcus corneae and 5 patients had xanthelasma. Tuberous 
xanthomata were seen only in 3 patients. There were r?o patients with yellow 
papules over the skin or yellow palmer creases or with lipemia retinalis. Two 
patients had slight hepatomegaly but they gave a past history of alcohol co~sumption. 
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It has been recognised for many years that ischaemic heart disease is an unconmon 
condition under the age of 40. A review of recent literature emphasies that more 
and more frequently coronary heart disease is diagnosed in young a d ~ l t s . ~ ~ , ~ ~ , ~ ~  

In Sri Eanka myocardial infarction occurs on a background of atheroscler~sis.~ 
Table 3 shows that well known risk factors such as hypercholesterolaemia, 
hypertriglyceridaemia, hyyertension, smoking, obesity, abnormal glucose tolerance 
and family history of ischaemic heart disease in first degree relatives were quite 
common in this group of young infarcts. 

Table 9 shows that a majority of patients had more than one risk factor. In 4 
patients there was. no obvious risk factor and in 12 patients, only one risk factor was 
present. 

Diabetes mellitus has often been suggested as an important explanation fcr the 
premature development of ischaernic heart disease.' In our series only 5% of the 
patients had evidence of abnormal glucese tolerance. In the series reported by 
Oliver,12 only 4 out of 94 patients had abnormal gIuccse tclerance. In our series 
only 12.5% of patients gave a past bistory of hypertension. Thus hypertension 
and diabetes mellitus are uncommen risk factors in our series. 

The effect of obesity on the incidence of coronary heart disease rer11ains uncertain. 
French and Dock6 analysing the clinical 2nd pathological features of 80 fatal cases 
of young soldiers between. 20 and 36 years revealed that the most striking presumable 
predisposing factor was overweight wliich was present in 91 % of the cases and the 
basis of the coronary occlusion was found tc? be arterj~sclerosis in all cases. Ancel 
Keys and his colleagues* suggested that neither relative weight nor obesity assessed 
by skinfold thickness had any significant eft'ect on f ~ t u r e  coronary heart disease if the 
effects of increased age, serum cholesterol blood nressure and smoking were discarded. 
Authors of the Framingham study predict that for each 10% increase in weight, 
there is a 30 % increase in the ilicidence of coronary hezrt disease. 9 (22.5 %) in our 
series were obese and the incidence of obesity is higher than in an earlier series 
reported from Sri Lanka.ll 

In our series, 12 patients (30%) had l~ypercholesterolaem~a and 12 (30%) had f 
hypertriglyceridaemia (Table 3). Of these, 5 had bcth hyperclzloesterolaenlie and 
hypertrigiyceridae~ia. The cholesterol xralues of the yonrg patients with lnyocardial 
infarction were observed to be significantly higher than those of the coiltrols (Pc.05) 
whereas camparison of the trigjyceride IeveIs of patiests with controls showed no 
significant difference (P>05). Levis and c~ l le~g~es lO teo, found a similar incidence 
of hypercholesterolaemia and hypertr~g!jceridac-ai.z in their coronary patients of 
the age group 26 to 39 years. There can be little doubt that an increase in cholesterol 
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and triglycerides levels predispose to overt and early appearance of clinical coronary 
disease.10 There is evide~ce that in younger patients wilE I. R. ID. hypercboles- 
terolaemia is a commoner abnormality tban in older pztjer*ts.l3 prospective 
study in Stockholm found tkzt the occurrence of new event. ir cclmnary artery 
disease were linearly relater! to increased triglycerides, cl~olesterol and sw-olting 
and not to an increase in weiglit/height index.l Valentine ef ~1.~"nvestigzted the 
angiographic appearances of coronary arteries in 40 patients below tl:e age of 40 
years with documented cardiac infarction znd found an association between 
elevation of triglyceride levels with th.e more severe a ~ d  more diffme lype of occlu- 
sive process. Raised triglyceride values were interpreted to be an independant risk 
factor for I.H.D. in 2 recent prospective ~ u r v e y s l . ~ ~  5ut not in  other^.^ 

Estimation of the lipoprotein profile of young infarcts using nephelometry showed 
that the M fraction (VLDE, Sf 20-400) in the patients was significa~ltly higher than 
that of the controls (Pc -02) E n  the series reported by Lewis et al.1° increase in the 
VLDE (M) frection was the most pronounced abilormality detected in the young 
coronary patients and VLDL cholesterol contributed substantially in some patients 
to the total serum ch~lesterol. There is controversy regr?rcling the changes in M 
fraction following an acute myocardial infarction. Snlith18 reported a rise in trigly- 
ceride rich prebeea (M) fraction reaching a maximurr, in 3 to 5 weelx after cardiac 
infarction. Dodds and Mills3 confirmed these fillclings and showed that return to 
normal levels occnred after the 8ih week. ?he lipoprotein estimation in our cases 
was perforr~.ed at least 3 months after the attack of cardiac infarction. The signi- 
ficantly high M(Sf 20-400) levels in om cases suggest that elevded M fraction may 
be a risk factor for coronary beart disease in young Ceylonese. 

Another jilteresting feature in our series is that the triglyceride values and the M 
'fraction. of the relatives of the young i~~fzrcts were significsntjy !zigEer than th.ose of 
the controls, (I? x.001) whereas the triglycerides of the patients were not s!'gnifiral~tly 
different from "hose of the c~ntrols (Tables 4. and 6). It is probable that the patients 
had modified their diet durisg t6e first 3 months following infarction to aiter t k i r  
triglyceride values frcrc xhzt pre~~ailed before the iiifarct. If we assunie that the 
dietary habits of the young pztiects with  yoc car dial infarction and tlteir relatives 
are similar, then the patie;zts might have made drastic cha~ges in their diet, since 

. . their "attack" to bwer their triglyceride va-lues in particular, whereas the relatives , 

who had not been adequately motivated to  alter their diet would show triglyceride 
values higher than those of the controls. 

Table 7 sllcsvs that there is 2 very high prevzler~ce of byperIipoproteinaemia as 
assessed by nernbrane filtrztion 2nd nep5eT0rnetry.~~ Type IV hyperlip~proteinaexia 
appears to be the cornonest type, 2nd 45% c-f our patients showed some 
lipoprotein abnormality. Our series is sinllIar t . ~  t!:e series reported by Stone 
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1 and Dick1$ who using the same method of lipoprotein estimztion found that 
20 % of his control group a ~ d  40 % of the ischaenic heart disease patients had hyperli- 
y~proteinaernia, type IV (W.H.O.) being the conmonest. The n~etllod of membrane 
filtration and nepbebmetry has been s h ~ w n  to produce reproducible analysis in 
different laboratories.21 Tbe same authors have compared the results of 
analytical ultracentrifugation with those obtained by membrane filtration and 
nephelomtery and have demonstrated a high ccrrelation (r = 0.96) between ultracen- 
trifugation and nephelometric measurements. In the series repcrted by Lewis et al.lO, 
out of 15 patients under the age of 40 years 11 had hyperlipoproteinaemia, the 
commonest abnormality being type IV. The high incide~ce cf hyperlipoprcteinaernia 
in young infarcts has not been reported previ~usly from Sri Lanka. 

Paul and Siege114 in a study of 19 cases of P-yocardial infxcts below the age of 
40 years found that 95 % of the patients were cigarette smokers. Serum cholesterol 
was higher in the patients compared to the mntrels. The blood pressures were not 
very different although the diastolic pressures were higher in the coronary group. 
A family history of cisrdiovascular disease and diabetes occvrring before the age of 
65 years was found in approximately half the corooary group. Our group is similar to 
the series rep~rted by Paul and Siege1l4in that cigzrette smoking, hypercholesterolae- 
.mia and positive family history are common findings in both series (Table 3). 

Arcus corneas below the age of 40 years is associated with premature atherosclerosis. 
In our series 20 (50%) had arcus corneae. Three patients with type I1 hyperlipo- 
proteinaemia had ,xanthomata in addition to  arcus corneae. 

The most striking feature in our series is that 90% of the patients had one or 
more of the risk factors for coronary artery disease. The major risk factors in our 
group were smoking and abnormal lipoprotein patterns. 
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