
containing less than 60% of the stated amount. This to depend on protection against humidity, even under
observation is much more important than the average exposure to high temperatures.
loss of 5 8%. It should also be realised that the product
had probably already lost some active ingredient before This study was funded through grants from Unicef and
shipment and that further loss would be expected Swedish International Development Authority/Swedish
during inland transport and storage. The alarm Agency for Research Cooperation with Developing Countries.
recently expressed about ergometrine's stability in
tropical climates' is therefore justified. There is no 1 Essential drugs price list, july-December 1990. Copenhagen: Unicef Supply

Division, 1990.
obvious alternative to this life saving drug and it is not 2 WHO Expert Committee on Specifications for Pharmaceutical Preparations.
known whether methylergometrine is more stable. A Thirty first report. WHO Tech Rep Ser 1990:790.3 Smallenbroek H. Stabtlity of drugs in the tropics. Groningen, Netherlands:
WHO working group concluded recently that oxytocin Wetenschapswinkel voor Geneesmniddelen, 1983.
is the best replacement," but its stability in tropical 4 World Health Organisation. Accelerated stability studies of widely used pharma-

ceutical substances under simulated tropical conditions. Geneva: WHO, 1986.climates is not known either. (WHO/PHARM/86.529.)
None of the other drugs seemed unstable during 5 York P. The shelf-life of some antibiotic preparations stored under tropical

international transport. From a medical and economic conditions. Pharmazie 1977;32:l0l-4.6Walker GJA, Hogerzeil HV, Hillgren U. Potency of ergometrine in tropical
viewpoint this is particularly reassuring with regard to countries. Lancet 1988;ii:393.
the common antibiotics. For most antibiotics the 7 Abu-Reid IO, El-Samani SA, Hag Omer Al, Khalil NY, Mahgoub KM,Everitt G, et al. Stability of drugs in the tropics. A study in Sudan.
unprotected substance has shown signs of degradation4 International Pharmaceutical 7ournal 1990;4:6-10.
as have unprotected capsules of chloramphenicol and 8 Longland PW, Rowbotham PC. Stability at room temperature of medicines

normally recommended for cold storage. Pharmaceutical Journal 1987;tetracycline in simulation tests.' For ampicillin'2 and January: 147-51.
benzylpenicillin" 14 high humidity or the presence of 9 Hogerzeil HV, Battersby A, Srdanovic V, Hansen LV, Boye 0, Lindgren B,
molecular water has been reported to be more damag- et al. WHO/Unicef study on the stability of drugs during international

transport. Geneva: WHO, 1991. (WHO/DAP/91.1.)
ing than high temperatures alone. These data suggest a 10 Becker G, Fritz HE, Mennicke W, Mobers F, Witt M. Temperaturebelastung
high susceptibility of antibiotics to deterioration in hot von Arzneimitteln an Bord. Pharmazeutische Zeitung 1983;15:794-7.. 1 World Health Organisation Technical Working Group. The prevention and
and humid climates. However, two field studies from management ofpostpartum haemorrhage. Geneva: WHO, 1990. (WHO/MCH/
Sudan found no signs of instability in injections of 90.7.)

12 Pawelczyk E, Hermann T, Knitter B, Smilowski B. Kinetics of drug
procaine benzylpenicillin,l 11 benzylpenicillin,land decomposition. 61. Kinetics of various ampicillin forms degradation in solid
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ampicillin trihydrate capsules .' II We found no stability thermal degradation in solid phase. PolJ Pharmacol Pharm 1980;32:55-62.
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Variability in serial CD4 counts and relation to progression of HIV-I
infection to AIDS in haemophilic patients

Louis M Aledort, MargaretW Hilgartner, Malcolm C Pike, George F Gjerset, Marion A Koerper,
Eric Y C Lian, JeanneM Lusher, JamesW Mosley (on behalf of the Transfusion Safety Study Group)

Abstract Conclusions-Antiviral treatment of asympto-
Objective-To examine the CD4 count and its matic people, particularly children, with CD4 counts

near term changes relative to progression to AIDS i¢0.3x109/l is questionable if predicated on near
within 30 months and to subsequent CD4 counts. term progression to AIDS. Because of individual
Design-Longitudinal clinical and laboratory CD4 count variability and the low rate ofprogression

study. to AIDS near term declines in individual CD4 counts
Setting-Haemophilia treatment centres in six are a poor index for identifying people who will

large American cities. rapidly progress to AIDS.
Patients-555 people with congenital clotting dis-

orders who were infected with HIV, initially without
AIDS, and seen at follow up for 6-30 months in Introduction
1986-9. The absolute CD4 count has repeatedly been found
Main outcome measures-Absolute CD4 counts to be either the best predictor or among the best

and incidence of AIDS. predictors of the rapidity with which HIV-I infection
Results-Outset CD4 count and age were inde- progresses to clinical manifestations, especially AIDS

pendently related to progression to AIDS (p<00001 disclosed by opportunistic infections.'4 As a conse-
and p<0005 respectively). Patients with CD4 counts quence antiretroviral treatment is presently being
of 0 30-0 49x 109 cells/I had an age adjusted risk of administered to some people who are asymptomatic
AIDS within 30 months of only 9% that of patients but whose CD4 counts are considered indicative of
with counts <0 20x 109/l. Children under 10 years approaching AIDS.57 Values that have been suggested
old had only 16% of the CD4 adjusted risk ofAIDS of for initiation of AIDS prophylaxis are 0 2-0 5 x 109
people aged ¢u45 years. Analysis of 149 patients' cells/l, which if implemented could mean treatment for

Correspondence to: CD4 counts at the beginning and end of two succes- some 450000 to 650000 people in the United States
Professor J W Mosley, sive six month intervals showed an average decrease alone.8
Transfusion Safety Study, of 11% in each six months regardless of the outset Although the appreciable toxic effects of zidovu-
1840 North Soostrgelet count (s'0.20x109/l). For individual patients the dine9 are now more manageable with regimens with
CaEDfrn108),Lo UAngls decrease in the second six month period was reduced dosage, the residual incidence ofbonemarrowCalforia9002, SA unaffected by the decrease in the first six month depression,'° the cost of the drug, the need for an
BMJ 1992;304:212-6 period. increased amount of medical supervision, and the
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potential for later resistance to antiretroviral treat-
ment" should be weighed against the still incomplete
evidence for it postponing progression.
Many laboratory markers other than absolute CD4

count have a predictive value for progression to
AIDS.'2-'4 There is no consensus, however, concerning
which to use.'5 Furthermore, many suggested tests are
not well standardised or are unavailable outside
research laboratories. Studies showing that decreases
in CD4 counts preceding AIDS are often preci-
pitous' 4316 have suggested that an abrupt fall is a
particular indication for treatment in asymptomatic
people.'7 Available data, however, do not establish that
a sharp decline in CD4 count predicts an immediate
further decline. We therefore investigated the value of
visit to visit changes in CD4 counts.

Subjects and methods
SUBJECTS

The transfusion safety study is a cooperative investi-
gation of circumstances influencing the occurrence and
expression of HIV infection and other virus infections
among people receiving blood components and plasma
derivatives. All subjects give written consent for
participation.
On entry and at each follow up visit, usually at six

month intervals, the patient's clinical status is deter-
mined and blood obtained for laboratory assessments.
Evaluation includes questions and review of records
with regard to the decision whether to give antiretro-
viral drugs.
HIV antibody status was determined by enzyme

linked immunoassay supplemented by western
immunoblotting.18 The diagnosis of AIDS was
accepted if recorded by the physician with principal
responsibility for the patient's care and if it conformed
to the criteria of the United States Centers for Disease
Control. '9
From August 1985 to mid-February 1989 we enrol-

led 1230 people with congenital clotting disorders, 682
of whom were positive for HIV antibody on entry. Of
those who were positive, 555 were free of AIDS and
had a valid CD4 count when seen on the first occasion
from 1 July 1986 to 30 June 1989. The present analyses
use data collected for the ensuing 6-30 months (to 31
December 1989). The first measurement during the
period is defined as the outset CD4 count.
We considered progression to AIDS in terms ofCD4

counts at the first visit in the study interval, and also
in terms of age, which is known to be a prognostic
factor. ' 20-22 We then analysed the predictiveness of any
given CD4 count for a specific patient's CD4 count six
months later for subjects who had three successive
CD4 measurements at intervals of about six months in
1986-7. We investigated how well the first count at the
outset of these observations and the second count six
months later, individually and in combination, would
predict the third count 12 months after the outset of
observations.

LYMPHOCYTE IMMUNOPHENOTYPING

At each visit the patient's lymphocyte populations
were analysed. All laboratories used the same model
flow cytometer (EPICS-C), monoclonal antibodies
from the same batch, and standardised testing pro-
cedures. Study specific intralaboratory and inter-
laboratory quality controls were added to controls
routinely usedTby the clinic.23 Duplicate or triplicate
specimens were routinely submitted under different
study identification numbers along with the routinely
collected specimens. For interlaboratory control the
standardisation laboratory sent specimens by air-
mail for parallel processing in all laboratories the next
day.

STATISTICAL ANALYSES

For analysis of the rate of progression to AIDS
standard life table and Cox logistic methods were

used24-26; calculations were made with the EPILOG
statistical package (Epicenter Software, Pasadena,
California, United States). For analysis of changes in
CD4 count over time standard regression methods
using log(CD4) (all logarithmic values are to base 10)
were used27; these calculations were made with the SAS
statistical package (SAS Institute, Cary, North
Carolina, United States). All p values are two sided.
Confidence intervals are for 95% coverage.

Results
RATE OF PROGRESSION TO AIDS

Among the 555 patients, 57 (10%) had developed
AIDS on or before 31 December 1989. The cumulative
probability of progression to AIDS within 30 months
was estimated to be 50% for subjects with CD4 counts
<0 2 x 109 cells/l, 22% for patients with counts of 0 20-
0 29x 109/1, and 3-6% for counts of e0-3x 109/1 (fig 1).

75-

0

COcn

0._

0

2

50

0

CD4 count

(xi 09/1)
<0-20

.-0-20 -029f j_~~~. .i

_ ,r, _ -0->050
/ 0-30 - 0-49

0 6 12 18 24 30

Time (months)
FIG 1-Kaplan-Meier plot showing proportions of patients infected
with HIV (n=555) with various outset CD4 counts who developed
AIDS during period ofobservation

Thus the relative risk ofAIDS was strongly dependent
on the outset CD4 count (table I).
The relative risk of AIDS was also strongly depen-

dent on age (table I). Outset CD4 count and age
were inversely related (table II). Outset CD4 counts
<0-2 x 109/l were found in only 8% of the patients aged
under 10, but in 27% of patients aged ¢45. The mean
CD4 count decreased steadily from 0 67x 109/1 in
patients aged under 10 to 0 39x 109/1 in patients aged
a45. The prognostic implication of each variable,
however, was only slightly diminished after adjust-
ment for the other (table I); individual 95% confidence
intervals for adjusted relative risks for age categories

TABLE I-Life table analysis of progression to AIDS by CD4 count
and age

Relative risk
No of patients

Adjusted (95%
Progressed confidence

Characteristic Total to AIDS Crude interval)*

CD4 count (x 109f)
'0 50 228 9 0-07 0-09(0-04to0-18)
0-30-0-49 178 7 0-08 0 09(0-04to0 20)
0-20-0-29 60 10 0-36 0-37(0l18to0 76)

<0-20t 89 31 1 00f 1 001
Age (years)
<10 53 1 0-08 0 16(0O02to 1-29)

10-24 209 16 0-32 0-52(025to1- 12)
25-44 242 28 0-52 0 61 (0-31 to 1-21)
A45t 51 12 1 001 1005

*Values are adjusted for the other categorised variable in the table. All
calculations for significance were done by using a Cox analysis with
continuous variables.
tReference category. tp<00001. Sp=00044.
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overlap 1 0 but the trend test remains highly significant
(p=00044).

Exclusion of patients given zidovudine before their
outset CD4 count was measured (n=2) or during the
period of observation (n=85) did not change these
relations.

CHANGE IN CD4 COUNT WITH TIME

Thirty seven of the 57 patients with AIDS had CD4
counts measured less than six months before diagnosis
of AIDS; 32 (86%) had values <02 x 109/1. Thus a low
CD4 count immediately preceded AIDS in most
patients. Patients who progressed to AIDS had a more
precipitous rate of fall in CD4 count, and both the
absolute and proportionate declines were greatest
among those patients whose outset CD4 counts were
highest.
To determine prospectively the predictiveness of

successive CD4 counts (that is, when the AIDS
outcome is still unknown) we looked at 196 patients
with three successive CD4 counts at six month inter-
vals in the period 1 July 1986 to 31 December 1987. We
denote the three counts as CD41st, CD42nd, and
CD43rd. Excluded from further analysis in this group
were 37 patients with CD42nd counts <0 2x 109/1
(a level at which fluctuations are disproportionately
wide); eight patients who received zidovudine any time
before the CD43rd count; and two patients whose large
changes in CD4 count were "outliers" in the statistical
analysis (neither developed AIDS). We studied the
remaining 149 patients for changes in CD4 count over
time.
The relation between CD42nd and CD43rd was

expressed logarithmically. This mathematical trans-
formation achieved approximate linearity and stability
of variance (after model fitting) over the given range of
CD4 counts (¢202x 109/l for CD42nd). As expected
CD42nd was highly predictive of CD43rd (r=0-756,

TABLE iII-Changes in CD4 count over about six months among 149
patients with CD42sfd counts ¢0 20xlO9Il. Figures are numbers of
patients

CD43,d count (x 1071) (six months later)
CD42nd
count 0-20- 0 30- 0 40- 0-50-
(x 10711) <0-20 0-29 0-39 0-49 0-69 ¢0 70

0-20-0-29 4 8 4 2 0 0
0 30-0 39 3 8 8 5 2 0
040-049 1 2 9 11 8 1
0-50-0-69 0 5 4 8 13 7

¢070 0 0 1 3 13 19
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FIG 3-Proportion of patients with outset CD4 counts of
03-0-9x 109Il predicted to decrease to <02x 1091 within 30 months.
Lines (a), (b), and (c) indicate proportions for those with outset counts
of03, 04, and 05x109/l

p=0-0001). The fitted line with its slope set to 1-0 is
given by the simple equation:

log(CD43,d)=log(CD42Sd)-050 X t2,3 (1)

TABLE II-Relation of CD4 count with age in 555
uith HIV at outset of observational period (I July
1989). Figures are numbers (percentages) ofpattents

CD4 count (x 107/1)

<0-20 0-20-0-29 0-30-0 49
Age (years) (n=89) (n=60) (n= 178)

<10 (n=53) 4 (8) 1(2) 14 (26)
10-24 (n=209) 29 (14) 12 (6) 73 (35)
25-44 (n=242) 42 (17) 40 (16) 77 (32)

.'45 (n=51) 14 (27) 7 (14) 14 (27)

"a

0
-J

1000-

500-

200-

200

Log CC
FIG 2-Plot of log(CD43rd) against log
infected with HIV with CD42,d count
Regression line has slopefixed at 1 0

where t2,3 is the time interval from CD42nd to CD43rd
patients infected (measured in units of six months (fig 2); r=0-749,
1986 to 30June p=0-0001). Equation 1 estimates a mean fall in CD4

count of 11% (95% confidence interval 7% to 18%) in a
six month period at all CD4 values :0 2 x 109/1.

Mean The variability in the proportionate change in
CD4

o0o50 count CD42nd to CD43rd over the six month period may be
(n=228) (x 10'/1) seen in the wide scatter of points in figure 2 around the
34(64) 0.67 fitted line. The standard deviation around the line is
95 (45) 0-49 0-14-that is, one standard deviation represents a 38%
86(34) 035 increase or decrease in CD4 count. CD4 counts in 54

16(31) 039 (36%) of the 149 patients actually increased during the
six month period; in 29 (19%) of these patients their
CD4 count increased by one or more of the divisions in
table III.
We added a term to equation 1 for the rate of change

. in the six month period before measurement of the
* .wd CD42nd count:

1og(CD43,d)=1og(CD42.d)-att2,3+f[(1og(CD42.d)-1og(CD4,,t))/t,,21 (2)

. - * * where tl,2 is the time interval from CD4,,, to CD42nd.
.*/ * This increased r slightly from 0 749 to 0-779, but the

j*,. . sign of i is negative, so that for a given CD42nd count
the larger the drop between the CD41st count and the

*@ CD42nd count the higher the predicted CD43rd count.
Adding a term to equation 1 for the age of the patient
barely increased r (from 0 749 to 0 75 1).

Equation 1 can be used, together with knowledge of
the scatter of the points around the fitted line in figure
2, to estimate the statistical distribution ofCD4 counts
over time. Figure 3 shows the estimated proportion of
people with outset CD4 counts of 0 3, 04, 0 5, 0-7,

500 1000 and 0-9x 109 cells/l expected to have their CD4 count
)42nd fall to <0 2x 10'/l over a 30 month period. In all, 58%
(CD42.d) for 149 patients of those with an outset CD4 value of 0 3x 109/1 would
s020xJ0/l in 1986-7. be expected to fall to <0 2x109/l by 30 months,

decreasing to 9% when the outset CD4 count is
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0-9 x 109/l. For the first six months of the period the transfusion safety study: J W Mosley, D J Bregman, M F
equation predicts a fall to <0-2x 10971 for 18% of those Dougherty, J Gaien'nie, C S Johnson, C K Kasper,
who start at 0-3 x 109/1 (fig 3, level (a)), 4% who start at M Nowicki, E A Operskalski, J W Parker, D R Powars,
OA4x IOVI (level (b)), and <1% for those who start at M Succar, M Stuart, E Taylor-Munoz (University of
0-5x 109/1 (level (c)). Southern California, Los Angeles); S H Kleirnman (American

Red Cross Blood Services, Los Angeles); C Hyman (Cedars-
Sinai Medical Center, Los Angeles); S L Dietrich

Discussion ~~~~~~~~~(Huntington Memorial Hospital, Los Angeles); J M Lusher,
Discussion ~~~~~~~~~~JKaplan, S Sarnaik (Wayne State University, Detroit); E R

People with CD4 counts of <0-2 x 1071 progress to Schiff,' M de Medina, M A Fletcher, E C Y Lian, C H
AIDS at a high rate. Interrupting the decline of CD4 Pegelow, KR Reddy, J D Temple, S Toledano (University of
count toward this level seems at least temporarily Miami); B A Lenes, P A Tomasulo (American Red Cross
possible with antiretroviral drugs. The major trial of Blood Services, Miami); L M Aledort, J Hassett, H Sacks,
zidovudine in asymptomatic people, however, did not P Wiesen (Mount Sinai Medical Center, New York); M W

distnguih thrat of rogessin amng tose ith Hilgartner (Cornell University Medical Center, New York);distiguisthetenrte of progression among29 those with C D Stevens, P E Taylor (Greater New York Blood Programn);
befoe tratmnt C 4 contsof 020-09x 0'fland M F Kaufman, Y Kulpa (Long Island College Hospital); A R

0-30-0-49x 109/l.' The latter asymptomatic people in Browni, S T Miller (State University of New York Downstate
our study had an incidence of AIDS over 30 months Of Medical Center); E Donegan, M A Koerper, G N Vyas
only 4-5% (fig 1), little different from the group with a (University of California at San Francisco); H A Perkins, M P
CD4 count :,n-0 5 x 109/1. It seems premature, therefore, Busch (Irwin Memorial Blood Bank, San Francisco); R A
to recommend routinely prescribing zidovudine or Johnson, B H Lewis (Alta Bates Hospital, San Francisco);
similarly toxic drugs entirely on the basis of a CD4 G F Gjerset (Puget Sound Blood Center, Seattle); C G
count of <0-5x10971. The proportion of people Hollingsworth, G J Nemo, J Hoak (National Heart, Lung,
with potential short term postponement of AIDS is and Blood Institute, London); H J Alter, D J D'Allessio, G J

partiularysmll aong hilden ifectd though Grady, P V Holland, N R Rose, L B Seeff, J Wittes (Protocol

transfusion.2728 In contrast to vertically transmitted
adDt oioigCmite ntdSae)

HIV infection the rate of progression among haemo-
philic patients under 10 years of age is very low even
when adjustment is made for their higher.CD4 count 1 Eyster ME, Gail MH, Ballard JO, AI-Mondhiry H, Goedert JJ. Natural

history of human imnmunodeficiency virus infections in hemophiliacs: effect
(table I).29 of T-cell subsets, platelet counts, and age. Ann Intemn Med 1987;107: 1-6.

Furthermore, the low near term risk of AIDS in 2 Moss AR, Bacchetti P, Osmond D, KrampfW, Chaisson RE, Stites DP, et al.
people wta D conof0-30-0A- 9 x 10971 (table I) Seropositivity for HIV and the development of AIDS or AIDS relatedwithaCD4count of ~~~~~~~~~condition: three year follow up of the San Francisco General Hospital
means that therapeutic trials to evaluate prophylaxis cohort. BMJ 1988;2%:745-50.
against AIDS among people in that range will require 3 Lang W, Perkins H, Anderson RE, Royce R, Jewell N, Winkelstein W Jr.

Patterns of T lymphocyte changes with human immunodeficiency virus
large numbers of paitients and lengthy follow up. infection: from seroconversion to the development of AIDS. J Acqutir

Surrogateendpoints must e validated,particularly Immune Defic Syndr 1989;2:63-9.Surrogateendpoins must b validatd, partiularly 4Phillips AN, Lee CA, Elford J, janossy G, Timms A, Bofill M, Kernoff PB.
among children.' 8 Serial CD4 lymphocyte counts and development of AIDS. Lancet 1991 ;337:
The marker of progression most widely used as a 389-92.

surrogate for AIDS is a CD4 count of <0-2 x 109 cells/I. 5 Volberding PA, Lagakos SW, Koch MA, Pettinelli C, Myers MW, Booth DK,
et al. Zidovudine in asymptomatic human immunodeficiency virus

As seen from figure 3 the equation we derived for the infection: a controlled trial in persons with fewer than 500 CD34-positive cells

overall CD4 count trend with time suggests that only 6 per cubic millimetre. N EnglJMed 1990;322:941-9.
6Friedland GH. Early treatment for HIVs: the timne has come. N EnglJ7 Med

in people with outset CD4 counts around 0 -3 x 109 1990;322:I00O-2.
cells/l would the count fall to a level of <0-2 x 10971 with 7 Allen BL. Zidovudine in asymptomatic HIV infection. N Engl J Med

1990;323:755.sufficient frequency over six months for this to have 8 Vermund SH, Hoth DF. How can epidemiology assist in guiding interventions
any possibility of meaningfulness. In people with for the acquired immunodeficiency syndrome/human immunodeficiency

outset CD4counts of around 0~3-0~5 x 10' 11/1 virus? Ann Epidemniol 1990;1: 141-55.outsetD4couns of arund 0-30-5X109cels/, 9 Richman DD, Fischl MA, Grieco MH, Gottlieb MS, Volberding PA, Laskin
however, a trial should be feasible in 24-30 months OL, etal. The toxicity of azidothymidine (AZT) in the treatment of patients
despite individual and interlaboratory variability, with AIDS and AIDS-related complex: a double-blind, placebo-controlled

trial. NEngtJ Med 1987;317:192-7.
In managing pariticular patients fluctuations in CD4 10 De Truhis P, Salmon D, Matheron 5, Jelasko P, Rozenbaum W, Leport C.

count (table III) make the physician's task difficult. Half-dose zidovudine. Lancet 1991;337: 1109.
S4 II~~~1 Larder BA, Darby G, Richman DD. HIV with reduced sensitivity to

Even the more reliable long term trends may not apply zidovudine (AZT) isolated during prolonged therapy. Science 1989;243:
to individuals." Sources of error are measurement of 1731-4.

total lukocytecounts nd chffrentialcounts,specl- 12 Fahey JL, Taylor JMG, Detels R, Hofmann B, Melmed R, Nishanian P, et al.
total leukcytecount and diffeential couts, sped- The prognostic value of cellular and serologic markers in infection with

men handling, and flow cytometric analyses. Aside human immunodeficiency virus type 1. NEnglJ Med 1990;322:166-72.
from laboratory variability, CD4 counts may fluctuate 13 Gocdert JJ. Prognostic markers for AIDS. Ann Epidemi'ol 1990;1: 129-39.

14 Osmond DH, Shiboski 5, Bacchetti P, Winger EE, Moss AR. Immune
from visit to visit because of factors other than HIV activation markers and AIDS prognosis. AIDS 1991 ;5:505-1 1.
infection; these should be more systematically 15 Moss AR. Laboratory markers as potential surrogates for clinical outcomes in

AIDS trials.JI Acquir Immune Defic Syndr 1990;3(suppl 2): S69-71.
explored. 16 Kaplan JE, Spira TJ, Fishbein DB, Bozeman LH, Pinsky PF, Schonberger

The factthatpatientsinfected with HIV who LB. A six-year follow-up of HI'V-infected homosexual men with lympha-hevelop smtoms ofatiDns havemoe rpd decInesh denopathy: evidence for an increased risk for developing AIDS after the
third year of lymphadenopathyJ,AMA 1988;260:2694-7.

in CD4 counts than those who remain asymptomatic 17 Hamilton JD, SimberkoffMS, Hartigan P. Zidovudine in asymptomatic HIV
to bengativel interpeted 18 infection. N EnglJMed 1990;323:754-5.causes an abrupt decrease tbengivlitrp td 8Edwards VM, Mosley JW, Transfusion Safety Study Group. Repreducibility

by both the patient and the physician. A more rapid in quality control of protein (Westem) immunblot assay for antibodies to

long term decline in CD4 count can be seen retrospect- 19 human immnunodeficiency virus. AmJ Cltn Pathwl 1989;91:75-8.
Centers for Disease Control. Revision of the CDC surveillance case definition

ively to have occurred in patients who progress to 19 for acquired imimunodeficiency syndrome. MMWR 1987;36:3-15S.
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Controlled low protein diets in chronic renal insufficiency:
meta-analysis/

D jouque, MNLaville, J Poissel, RiChifflet, M/Labeeuw, P Y/Zech

Abstract renal failure to be assessed, taking into consideration
Objective-To determine whether low protein the bias due to the various confounding factors (such as

diets retard the development of end stage renal regression to the mean) and avoiding the use of
disease. intermediate criteria (such as the slope of the time
Design-Meta-analysis of 46 trials since 1975, course for the reciprocal values of serum creatinine

from which six randomised controlled trials were concentration and the rate of decay of creatinine
selected. clearance).
Setting-Five trials in Europe and one in Australia

between 1982 and 1991.
Subjects-890 patients with mild to severe chronic Methods

renal failure who were followed up for at least one The principle of meta-analysis entails the adjusted
year. 450 patients received a low protein diet and 440 analysis of results in a collection of studies, with a
a control diet. unique criterion for all studies. Meta-analysis is parti-
Intervention-Difference in protein intake cularly suitable for studies of rare events in, for

between control and treated groups of at least 0*2 g example, ponderous or longlasting trials that do not
protein/kg/day. include many patients.9 The quality and impact of a
Main outcome measure-Number of renal deaths meta-analysis depends on the selection process for the

(the necessity to start dialysis or death of patient criterion, which must be well defined at the beginning
during study). of the meta-analysis, and easily collected by non-
Results- 156 renal deaths were recorded, 61 in the specialist observers.

low protein diet group and 95 in the control group, Definition ofa common event-We defined renal death
leading to an odds ratio of low protein to control of as either the necessity to begin dialysis or the death of
0-54 with a 95% confidence interval of 0 37 to 0 79. patients during the study. Patients receiving grafts
Conclusions-This result, obtained on a large before starting dialysis were counted as having had

population of patients suffering from chronic renal renal death. Patients who were lost to follow up or who
insufficiency, strongly supports the effectiveness of stopped taking the diet were not counted as having had
low protein diets in delaying the onset of end stage renal death. These criteria were applied independently
renal disease. of the randomised treatment by the authors on the

basis of published data or complementary data kindly
provided by the investigators.

Introduction Collection of data and study selection-To avoid
During the past 10 years a lot of experimental data omission of results from less well known studies we

have suggested that dietary protein restriction may scanned research reports with a computer search of
retard or even halt the development of non-specific Medline files and abstract books from the International
glomerular lesions and hence the progression of end Society of Nephrology and the American Society of
stage renal disease. Despite the many studies on dietary Nephrology. We also asked many investigators for

Service de N6phrologie, interventions that were performed a few decades ago, complete or incomplete, published or unpublished
JJ6pital Edouard Herriot, some questions have re-emerged'-What kind of randomised studies. We restricted the review to
694x7 Lyon)Cedex 03 proteins? What degree of restriction? Is a supplement randomised trials because without randomisation lack
D Pouque,kID, head ofclinic with essential amino acids or keto-analogues of amino of bias cannot be guaranteed. Trials that used other
M Laville, MD, professor of acids required? When is the most appropriate moment methods of allocating treatments (such as retrospective
therapeutics to start the diet?24 These questions have been poorly controls and non-randomised, crossover, or prospec-
MLabeeuw,MD,professorof answered by numerous studies showing that low tive uncontrolled protocols) were therefore not in-

P Zech MD professor of protein diets reduce the time related increase in plasma cluded. Trials studying only diabetic nephropathy
Pech,M creatinine concentration. However, the validity of were not selected, because the equilibrium of diabetesnephrology - plasma creatinine concentration as an estimate of renal is of major importance in the progression of renal

Laboratoire de function,5 especially during reduced protein intake, failure and cannot be adequately measured between
Pharmacologie Clinique, has not really been investigated in terms of extrarenal control and treated groups. Table I summarises 46
162 Avenue_Lacassagne, creatinine metabolism and the tubular secretion of studies on protein restriction and its effects on the
69424 Lyon creatinine, which is dependent on protein intake.6 The progression of chronic renal insufficiency. Individual
J P Boissel, MD, professor of physician's main goal is to maintain clinical improve- data and extra details if not mentioned in the original
clinical pharmacology ment in patients who wish to delay starting dialysis for papers, were collected from investigators who kindly
R Chifflet, PHD, statistician as long as possible, and so we have reanalysed research agreed to send us their raw data.

data to determine the number of patients reaching end Statistical methods-Intention to treat analysis was
Correspondence to:
Dr Fouque. stage renal disease during follow up. This meta- made on the selected populations, randomly assigned

analysis, should enable the strength of the association to control or treated groups (a restricted protein diet).
BMJ 1992;304:216-20 between low protein diet and reduction in end stage Standard statistical methods were used (percentage
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