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nutritional compromise or secondary bacterial pneumonia espe-
cially in an LBW infant. Thus, the overall burden of morbidity and
mortality due to chlamydial infections may be substantial. How-
ever, while C. trachomatis emerged as a common infection in our
study, its contribution to LBW/prematurity does not appear to be
substantial.
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The effect of cyclosporin A on plasma lipids during the first
year after renal transplantation

G. T. JOHN, D. S. DAKSHINAMURTHY, L. JEYASEELAN, C. K. JACOB

ABSTRACT
Bilckground. The serum lipid profile of renal transplant

recipients from the Indian subcontinent is not available. CycJosporin
A causes dyslipidaemia, a major risk factor for coronary artery
disease which is a significant cause of mortality in these patients.
We compared the effect of two dosage schedules of cycJosporin
A on the lipid profile of transplant recipients.

Methods. Two hundred and eight renal allograft recipients
were randomized to receive either a high or a low dose of cycJo-
sporin A for 12 months. Their cholesterol and triglyceride levels
were measured at monthly intervals for the first six months and
at the ninth and twelfth months. The area under the curve was
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measured and multiple linear regression analysis was done.
ANOVA for repeated measures was carried out.

Result. Patients receiving a higher dose of cycJosporin A had
higher cholesterol and triglyceride levels compared to those
receiving the lower dose schedule. The multivariate analysis
showed that a low dose of cycJosporin A was significantly asso-
ciated with reduced cholesterol (p<0.07) and triglyceride levels
(p < 0.04) after controlling the effect of other covariates.
ANOVA for repeated measures showed that cholesterol levels
were significantly lower in the low-dose cycJosporin A group
(p < 0.05).

Conclusion. Low dose cycJosporin A reduces the risk of
dyslipidaemia in Indian renal transplant recipients.

Natl Med ] India 1999; 12:14-17

INTRODUCTION
An estimated 2500 renal transplants are performed annually in
India. The majority of these patients are immunosuppressed with
cyclosporin A (CyA). Dyslipidaemia is a major risk factor for
coronary artery disease (CAD) which is an important cause of



JOHN et al. : CYCLOSPORIN A AND LIPIDS IN RENAL TRANSPLANTATION 15

death in renal transplant recipients.' CyA has been shown to
adversely affect blood lipid levels.>' Lower levels of cholesterol
have been associated with CAD in the Indian population' com-
pared to westerners," and the use of saturated fats (ghee) in the
Indian diet has also been implicated.' In contradistinction to the
epidemiology of CAD in India, a lower incidence of CAD with
lower levels of cholesterol has been reported from Greece, Italy
and Japan." The highest reported levels of cholesterol in the Indian
population are still not as high as those reported from the West."
Renal transplant recipients from the Indian subcontinent have not
been studied with regard to this important risk factor for CAD.
We.' therefore, st~d.iedthe effect of a low-dose and high-dose CyA
regimen on the lIPId profiles of the Indian population.

PATIENTS AND METHODS
Two hundred and eight recipients ofliving-related renal allografts
were randomized to receive either high- or low-dose CyA immuno-
suppression for 12 months. The double drug (high dose CyA)
schedule consisted of prednisolone and CyA (Sandimmune) and
the triple drug (low dose CyA) schedule of prednisolone, CyA
(Sandimmune) and azathioprine. In the double drug schedule,
CyA was started-at 12.5 mg/kg body weight, tapered to 6 mg/kg
at 2.5 months and to 3 mg/kg at 5.5 months and continued at this
dose till one year. In the triple drug schedule, CyA was started at
8 mg/kg, tapered to 5 mg/kg at 2.5 months and maintained at 2 mg/
kg from 5.5 months, for a total period of one year then tapered and
stopped as per our protocol. Patients were kept in Ve1lore for the
first 6 months after transplantation when they were seen thrice a
week for the first two months, twice a week for the next two
months and once a week for the last two months. Subsequently,
they were seen at 9 and 12 months or more frequently, if needed.
I?rug compliance was reinforced with a log-book, frequent que-
nes during hospital visits and checking of drug procurement from
the hospital pharmacy. CyA levels were not augmented with
diltiazem or ketoconazole and drugs known to affect CyA me-
tabolism were avoided. CyA levels were measured when patients
were suspected to have CyA toxicity.

The initial dose of prednisolone was 20 mg/day and was
tapered to 10 mg/day by six months in both groups. Rejection
episodes were treated with methyl prednisolone 1 g i.v. daily for
3 days. A dietary modification similar for both groups was
atte~pted if there was significant dyslipidaemia. All patients
received a hypocaloric diet: 50%-60% carbohydrates, 10%-20%
protein, <20% fat and <200 mg cholesterol/day. The ratio of
polyunsaturated fat to saturated fat was high.

Serum cholesterol concentrations were measured by the cho-
lesterol oxidase-para-amino phenazone method (Boehringer
Mannheim) and serum triglycerides by glycerol phosphate oxi-
dase-para-arnino phenazone method (Boehringer Mannheim) using
a Hitachi 911 autoanalyser. These measurements were done at
monthly intervals for the first six months and then at the ninth and
twelfth months.

Statistical analysis
Comparisons between the two groups were done by Z-test for
continuous variables and by Chi-square test with Yates correction
for categorical variables. The lipid profile during one year be-
tween the two groups was compared using area under the curve
(~UC!.l0 ~ultiple. regression analysis was done keeping pro-
temuna, weight gam during 6-12 months, diabetes mellitus, post-
transplant diabetes and P-blockers as covariates and AUC as a
dependent variable. Since weight gain between 1-6 months and

TABLEI. Demographic data and risk factors for dyslipidaemia

Item High-dose group Low-dose group
(n=109) (n=99)

Mean (SE) age (years) 33.3 (0.9) 32.4 (1.2)

Female 7 15
Diabetes mellitus 9 11
Post -transplant diabetes mellitus 13 6
Proteinuria> 2.5 g 4 8
Serum creatinine >1.4 mg/dl

0--6 months 18 17
6-12 months 18 19
~-blockers 58 47
Dietary restriction 36 28

Gain in weight (kg)
0--6 months 5.5 (0.9) 4.6 (0.5)
6-12 months 1.6 (0.4) 1.7 (0.4)

Cumulative dose/kg/year
Cyclosporin A* 1574.8 (24.2) 1231.1 (83.4)
Prednisolone 102.9 (5.4) 106.1 (6.9)
Patients receiving ART 45 38

ART antirejection therapy * p<O.OOl

6-1? months were significantly correlated, only weight gain
dunng the latter period was considered as a covariate to avoid
collinearity. ANOV A for repeated measures was done for choles-
terol and triglyceride levels.

RESULTS
One hundred and nine renal allograft recipients received the high-
dose CyA schedule and 99 the low-dose schedule. Six patients in
the high-dose group and 1 in the low-dose group did not have
serum lipids measured at regular intervals. Their risk factors for
dyslipidaemia were not significantly different from the others.
None were smokers. There were no cases of clinical non-compli-
ance. CyA levels were measured in 6 and 8 patients in the high-
and low-dose groups, respectively. The levels were within the
therapeutic range (150-250 mg/ml). Table I shows that these two
groups were similar with regard to their demographic data and risk
factors for dyslipidaemia.

The mean (SE) of AUC for cholesterol for the high-dose group
[2184.8 (74.5)] was significantly (p<0.08) more than that for the
low-dose group [2003.2 (71.2)]. Similarly, the mean (SE) of
triglycerides for the high-dose group [1996.9 (86.8)] was signifi-
cantly (p-cu.Ol ) more than for the low-dose group [1716 (71.9);
Table II, Fig. 1]. The figure also indicates that the difference
decreased as the dose of CyA was reduced in both groups. Patients
re~eiving a higher CyA dose had higher cholesterol and triglyc-
ende levels compared to those receiving the lower dose. The
~ul~ivariate analysis (Table III) showed that low-dose CyA was
significantly associated with reduced cholesterol (p<0.07) and
triglyceride levels (p<0.04) after controlling the effect of other
covariates. During the period of the study, one patient in the high-
dose group had a myocardial infarction.

ANOV A for repeated measures showed cholesterol levels in
the low-dose group to be significantly lower than those in the
high-dose group (p<0.05). The difference in triglyceride levels in
the two groups did not reach statistical significance.

DISCUSSION
There is little published information regarding the lipid profile of
renal transplant recipients from India. This prospective random-
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TABLEII. Mean (SE) of serum cholesterol and triglycerides in the two groups

Followup Cholesterol(mg/dl) Triglycerides(mg/dl)
(months) High-dosegroup Low-dosegroup Hig-dosegroup Low-dosegroup

n mean(SE) n mean(SE) n mean(SE) n mean(SE)

1 98 241.0 (4.4) 87 239.0 (5.5) 98 171.4 (6.5) 87 159.9 (6.9)
2 87 257.9 (5.1) 85 238.2 (5.2) 86 210.8 (9.4) 85 199.6 (8.1)
3 84 251.7 (5.6) 81 235.8 (6.5) 84 239.5 (11.4) 80 206.6 (9.2)
4 74 250.4 (6.8) 81 231.7 (5.9) 74 252.3 (l3.5) 81 209.6 (9.2)
5 79 240.6 (5.7) 80 222.0 (5.8) 77 230.9 (11.4) 79 197.6 (8.0)
6 84 227.7 (5.1) 78 212.3 (7.0) 83 221.6 (10.3) 78 195.7 (9.0)
9 31 224.4 (10.3) 29 190.1 (8.5) 30 194.1 (14.1) 27 148.2 (8.5)
12 79 209.4 (5.7) 71 194.1 (6.2) 78 186.5 (8.6) 71 165.2 (8.7)
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FIG 1. Serial measurements of serum cholesterol and triglyceride
levels in renal allograft recipients receiving high-dose and low-
dose cyclosporin A

ized trial with a higher and lower dose of CyA consistently
demonstrated lower levels of cholesterol and triglycerides in the
latter group compared to the former. These data should encourage
other centres in the subcontinent to add to a body of useful infor-
mation on long term risk factors affecting renal transplant recipi-
ents. Serial measurements ofCyA were not possible except when
clinically indicated. This, though less than ideal, is unlikely to
change considering the cost constraints for transplant recipients in
developing countries. Since the other known risk factors for
dyslipidaemia were comparable in these two groups, the differ-
ence in lipid levels are likely to be the result of different CyA
dosage schedules. The lowest levels of both serum cholesterol and
triglycerides were seen at the first and twelfth months when the
influence of CyA was the least. However, these levels were still
significantly higher than the reported normal levels. II

TABLEIII. Results of multiple regression analysis for serum
cholesterol and triglycerides

Covariates Unstandardizedregressioncoefficient
Cholesterol p value Triglycerides p value

Proteinuria 90.8
Weightgain 6.0

(6-12 months)
CyclosporinA schedule'-193.3
Diabetesmellitus 169.8
~-blocker 59.5
Post-transplant -107.3

diabetesmellitus

0.67
0.68

-156.5
-33.5

0.52
0.04

0;07
0.55
0.58
0.54

-247.0
-185.7
-97.7
261.5

0.4
0.57
0.43
0.19

• Comparison between high-dose and low-dose groups

Elevated serum cholesterol and triglyceride levels have been
documented in renal transplant recipients receiving CyA mono-
therapy (and in combination with other immunosuppressants) at
a mean dose of 8.6 mg/kg. CyA-induced hypercholesterolaernia
has been demonstrated in patients with amyotrophic lateral scle-
rosis 12 and-psoriasis, 13 probably due to its interference with the
LDL-receptol" interaction or by reducing bile acid synthesis."
However, reports on correlation between serum CyA levels and
serum cholesterol are conflicting" and the dose of CyA has even
been reported to have an inverse correlation.' The effect of CyA
on triglyceride levels has been less clear and correlated better with
the relative gain in body-weight, corticosteroid use and renal
failure.'

CyA treatment of animals enhances the development of aortic
graft atherosclerosis 16 and demonstrates a direct toxic effect onthe
vascular endothelium and smooth muscle." The extent of glom-
erular injury in animals and humans correlates with the levels of
circulating cholesterol. 18,19 Lipids have a nephrotoxic potential
and participate in the development of glomerulosclerosis akin to
the lipid involvement in the pathogenesis of atherosclerosis.v-?
Dietary cholesterol supplementation produces glomerular injury
in guinea pigs" and rats which develop elevated glomerular and
efferent arteriolar pressures." Dietary supplementation with n-3
polyunsaturated fatty acids ameliorates glomerular injury in mu-
rine lupus nephritis and reduces interstitial inflammation." Di-
et~y intervention was effective in decreasing serum cholesterol
and triglycerides in patients treated with CyA.24 CyA elevates
cholesterol and triglycerides which could accelerate coronary
atherosclerosis and glomerular injury in renal allografts. A low-
dose CyA regime for one year appears to decrease the risk of
dyslipidaemia in renal allograft recipients.



JOHN et al. CYCLOSPORIN A AND LIPIDS IN RENAL TRANSPLANTATION 17

REFERENCES
Washer GF, Schroter GPI, Starzl TE, Weil R 3d. Causes of death after kidney
transplantation. }AMA 1983;250:49-54.

2 Harris KPG, Russell GI, Parvin SO, Veitch PS, Walls I. Alterations in lipid and
carbohydrate metabolism attributable to cyclosporin A inrenal transplant recipients.
8M} 1986;292:16.

3 Vathsala A, Weinberg RB, Schoenberg L, Grevel I, Goldstein RA, van Buren cr,
et al. Lipid abnormalities in cyclosporin-prednisolone-treated renal transplant
recipients. Transplantation 1989;48:37-43.

4 Brown IH, Anwar N, Short CD, Bhatnagar 0, Mackness MI, Hunt LP, et al. Serum
lipoprotein (a) in renal transplant recipients receiving cyclosporine monotherapy.
Nephrol Dial Transplant 1993;8:863-7.

5 Krishnaswami S, Prasad NK, lose VI. A study oflipid levels in Indian patients with
coronary arterial disease. lnt J Cardiol 1989;24:337-45.

6 The Expert Panel: Summary of the second report of the national cholesterol
education programme (NCEP). Expert panel on detection, evaluation and treatment
of high blood cholesterol inadults (Adult Treatment Panel A). }AMA 1993;269:
3015-23.

7 Iacobson MS. Cholesterol oxides in Indian ghee: Possible cause of unexplained
high risk of atherosclerosis in Indian immigrant populations. Lancet 1987;2:
656--8.

8 Keys A. Coronary heart disease in seven countries. Circulation 1970;41 (Suppl
1):211-46.

9 Wardhan H, Ianah S, Gupta MP. Serum lipid patterns in acute and old myocardial
infarction. Indian Heart) 1980;32:75-80.

10 Matthews INS, Altman DG, Campbell MJ, Royston P. Analysis of serial
measurements in medical research. 8M} 1990;300:230-5.

II Kuster GM, Drexel H, Bleisch lA, Rentsch K, Pei P, Binswanger U, et al. Relation
of cyclosporin blood levels to adverse effects on lipoproteins. Transplantation
1994;57: 1479-83.

12 BallantyneCM, Podet EJ, Patsch WP, Har~tiY, Appel V, Gotto AMJr, et al. Effects
of cyclosporin therapy on plasma lipoprotein levels. }AMA 1989;262:53-6.

13 Ellis CN, Gorsulowsky DC, Hamilton TA, Billings lK, Brown MD, Hedington IT,
et al. Cyclosporin improves psoriasis in a double-blind study. }AMA 1986;256:
3110-16.

14 Markell MS, Friedman EA. Hyperlipidemia after organ transplantation. Am} Med
1989;87:6IN-67N.

15 Isoniemi H, Tikkanen MJ, Ahonen J, Hayry P. Renal allograft immunosuppression.
IV. Comparison of lipid and lipoprotein profiles in blood using double and triple
immunosuppressive drug combinations. Transplant Int 1991;4:130-5.

16 Mennander A, Tiisala S, Paavonen T, Halttunen J, Hayry P. Chronic rejection of rat
aortic allograft: II. Administration of cyclosporin induces accelerated allograft
arteriosclerosis. Transplant Int 1991;4:173-9.

17 Ferns G, Reidy M, Ross R. Vascular effects of cyclosporin A in vivo and in vitro.
Am} PathoI1990;137:403-13.

18 Keane WF, Kasiske BL, O'Donnell MP, Kim Y.The role of altered lipid metabolism
in the progression of renal disease: Experimental evidence. Am} Kidney Dis 1991;
17 (5 Suppll):38-42.

19 Moorhead IR, Chan MK, EI-Nahas M, Varghese Z. Lipid nephrotoxicity in chronic
progressive glomerular and tubulo-interstitial disease. Lancet 1982;2: 1309-11.

20 Diamond IR, Karnovsky MI. Focal and segmental glomerulosclerosis. Analogies
to atherosclerosis. Kidney Int 1988;33:917-24.

21 AI-Shebeb T, Frohlich J, Magi! AB. Glomerular disease in hypercholesterolemic
guinea pigs: A pathogenetic study. Kidney Int 1988;33:498-507.

22 Kasiske BL, O'Donnell MP, Schmitz PO, Kim Y, Keane WF. Renal injury of diet-
induced hypercholesterolemia in rats. Kidney Int 1990;37:880-91.

23 Kelley VE, Ferretti A, Izui S, Strom TB. A fish oil diet rich in eicosapentanoic acid
reduces cyclooxygenase metabolites, and suppresses lupus in MRL-I pr mice. J
ImmunoI1985;134:1914-19.

24 Nelson I, Beauregard H, Gelinas M, St-Louis G, Daloze P, Smeesters C, et al. Rapid
improvement of hyperlipidemia in kidney transplant patients with a multifactorial
hypolipidemic diet. Transplant Proc 1988;20: 1264-70.

Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about
500 to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph
should accompany the obituary.

-Editor


