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Percentages and absolute counts of CD8+ T cell maturation subsets among HIV-/CMV+ individuals
and ART-suppressed HIV-infected patients with CD4 counts >500 cells/mm3 stratified by a normal
or low CD4/CDS8 ratio.
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Correlations between the CD4/CDS8 ratio in blood and in
GALT in 32 subjects participating in the two clinical trials

Baseline
rho 0.680, P<0.0001
Week 24

rho 0.692, P<0.0001
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Calculating mean change in variable A per
change in variable B in long panels

Xtmixed logpeddcdsS g logpoddcdd i.order || pid:, reml

WMald chiZ (3)

Log restricted-likelihood = 31.186722 Frob > chiz
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Interpretation: there is a 5% increase in A per 10% increase in B



Coefficient of variation (within subject standard deviation (blue lines)/within subject
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Significantly lower for the CD4/CDS8 ratio (12%) compared to CD4+ T cell counts

mean (red plus symbols) for three different biomarkers
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(16%, P=0.017) and for CD8+ T cell counts (18%, P=0.001).



OPTIONS Cohort:
Early vs. Late ART Initiation

HIV+

Sx of Acute HIV
or Recent
Seroconversion

HIV-



File

Edit  Wiew Data

Tools

=2= ENENNE AN A=A e

sjoyzdeus =)

id[ 1]
id dob graup groupcode  groupmerged chronicunrx  chronicrx  awviremia groupkitche
1 10/10/1977 AcuteRecent 1 1 u] 0 0 AcuteRel
Z OFT1335 107101977 UnR= One Year 3 3 u] u] u]
3 OFT1235  10/10/1977 Unkx Late 4 3 1 0 0  <hronic Untre:
4 OPT1341 112971967 ACULE/Recent 1 1 u] 0 0 ACUTERED
g OFT1241 11/25/19&7 UnkR= One Year kS 3 u] u] u]
3 OFT1341 11/29/13967 UnR= Late 4 3 1 0 0  Chronic untre:
7 OFT12 46 1727 /12439 ACUteRecent 1 1 u] u} u} ACute Rel
g OFT124& 1/27/1249  Late HAART Fre-HAART EBaseline 4 3 1 0 0  Chronic untre:
a OFTL13 4 127 /1949 Late HAART One vear Rx =3 g 0 ] ]
10 OFT134e 172713439 Late HAART Late Rx 3 5 u] 1 1 HAART ¢
11 OFTL135E 2/11 /12380 ACUteRecent 1 1 u] u} u} ACute Rel
1z OFT13EE 25111980 Unk= One Year kS 3 u] u] u]
13 OFTL135E 2/11 /12380 UnRx Late 4 3 1 u} 0  <hronic Untre:
14 OPT1358e  1z2/28/15970 ACULE/Recent 1 1 u] 0 0 ACUTE RED
15 OFT135&  12/25,/1970 Unk= One Year kS 3 u] u] u]
1 OPT1358e  1z2/28/15970 UnR= Late 4 3 1 0 0  <Chronic untre:
17 OPT13E7F 11561967 ACUteRecent 1 1 u] 0 0 ACUteRed
15 OFTL13E7 11/6/1967 UnkRx= One Year 3 3 u] u] u]
19 OPT13E7F 11561967 UnR= Late 4 3 1 0 0 Chronic untre:
20 OPT135% 3/11/1964 ACULE/Recent 1 1 u] 0 0 ACUTE RED
21 OFTL13ES 35111964 Early HAART One Year Rx & 4 u] u] u]
2e OFT1352 3111964 Early HAART Late Rx 7 4 u] 1 1 HAART ¢
232 OPT12&0 2,21 /1968 ACUteRecent 1 1 u] 0 0 ACUteRed
24 OFT13&0 245211965 Early HAART One vear Rx 3 4 u] u] u]
25 OFT13&0 2521,/1965 Early HASRT Late Rx 7 4 u] 1 1 HARRT £
26 OPT137:2 2515 /1350 ACULE/Recent 1 1 u] 0 0 ACUTE RED
27 OFTL1372 218 /1950 Early HAART One Year Rx & 4 u] u] u]
28 OFT1372 24151350 Early HAART Late Rx 7 4 u] 1 1 HAART ¢
29 OPT1274 2,197 0 ACUteRecent 1 1 u] 0 0 ACUteRed
30 OFT1374 7251370 UnkRx= One Year 3 3 u] u] u]
4 1 1] 1]

31 OPT1274

9/2.,/1970

A LI R

Unk= Late

A e am e W e e

H

1

1

1

Chronic untre:

R



xtmixed cdd4cdd age sex basecdd h4.momentofffearlyZ if optionsmix==1 £ early!'=.&icmvstatuswn==1|| idnum:, reml
note: Z.mowentofl.early? identifies no ohserwvations in the sawple
MNutnbher of ohs 215
Number of groups 63

Mixed-effect=s REML regression
Ccroup wvarisbhle: idnum

Oh= per group:

Wald chiz (9]

Log restricted-likelihood = -7e8.986956 Prob > chiz

coddods

Coef.

Std. Err.

[95% Conf.

Interwval]

age
Sex
hasecdd

momento
1
2
3

l.early:s

momentofear 1y2
11
2 1
31

cons

0119125
2163314
LO005205

245236
LA3TAE2ET
2155441

.11394594

LAAA0Z655

]

1464579

LSE291973

0052379
3303247
LO00Z023

LO7S0225
LO692574
LO677131

LA02811:

L0902 688

(EmpLy]

0359053

LATEETeY

0015454
-1.033355
LO0012435

-.171565
-. 5732245
—-. 34532594

.2125835

-.617139

—-.0zZ777e53

—-. 68356094

LOZ222766
L2S0E92Y
0009173

122517
—-.301623
—-.03zZ58288

6150637

—-.263534=

L32070%9

Z2.344004




Help the Stat Consulting Group by

e
ldre INSTITUTE FOR DIGITAL RESEARCH AND EDUCATION
UCLA

Stata FAQ
How can | graph the results of the margins command? (Stata 12)

Graphing results from the margins command can help in the interpretation of your model. Stata 12 introduced the marginsplot

command which make the graphing process very easy.
Let's start off with an easy example

Example 1

The first example is a 2x2 factorial analysis of covariance. We will run the model using anova but we would get the same results if
we ran it using regression

use http://www.ats.ucla.edu/stat/data/hsbdemo, clear
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Impact of early or later ART CD4/CD8 ratio in the
OPTIONS cohort.
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The greater effect of early ART compared to later ART on the CD4/CD8 ratio remained statistically significant
after adjustment by age, gender, and baseline CD4+ T cell counts in the mixed-effects linear model .

The mean CD4/CD8 ratio change predicted by the model was significantly higher among early ART initiators
compared to later initiators after one year of ART (+0.44 vs. +0.25, respectively, P<0.001), and after a median of
3 years of ART (+0.61 vs. +0.49, respectively, P<0.001).

Serrano-Villar S, Sainz T, Lee SA, Hunt PW, Sinclair E, et al. (2014) HIV-Infected Individuals with Low CD4/CD8 Ratio despite Effective
Antiretroviral Therapy Exhibit Altered T Cell Subsets, Heightened CD8+ T Cell Activation, and Increased Risk of Non-AIDS Morbidity and
Mortality. PLoS Pathog 10(5): e1004078. doi:10.1371/journal.ppat.1004078
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Selection of study participants

HIV-infected individuals attending the
clinics between 1959-2012
N=2,624

121 did not initiated ART
118 had no follow-up

HiV-infected individuals initiating ART
N=2,385

789 had no decumented HIV RNA
iuppl'l"_"sﬂﬁn > 12 manths

== 591 had missing information
463 had intmnpll':ll‘: astertainment
of non-AIDS cvents

35 had hepaloCarcinomy e

A\

Controls
N=298

Serrano-Villar S, Pérez-Elias MJ, Dronda F, Casado JL, Moreno A, et al. (2014) Increased Risk of Serious Non-AIDS-Related Events in HIV-Infected
Subjects on Antiretroviral Therapy Associated with a Low CD4/CD8 Ratio. PLoS ONE 9(1): e85798. doi:10.1371/journal.pone.0085798
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CD4/CDS8 ratio according to the presence and type of event

*k

* P<0.05
24 **Pp <0.,0001

CD4/CD8 ratio
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Subjects on Antiretroviral Therapy Associated with a Low CD4/CD8 Ratio. PLoS ONE 9(1): e85798. doi:10.1371/journal.pone.0085798
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Madrid Cohort: Association with non-AIDS

events

226 with CD4>500

subjects
fMatched by \
(Mahapick)
400 -age
-gender
Controls -groximal CDh4
counts
(CD4 nadir j
Table 5. General characteristics of participants in the Madrid cohort nested study
Cases Controls P value
n=33 n=33

Male gender (No., %) 27 (82%) 27 (82%)
Age (years, IQR) 46 (41, 49) 43 (41, 47) 0.682
CD4+ Count (cells/mm?, IQR) 666 (580. 875) 714 (583,837)  0.841
CD8+ Count (cells/mm?, IQR) 1239 (974, 1494) 897 (687,1108)  0.002
CD4/CDS8 ratio (IQR) 0.55(0.44,0.75) 0.81(0.67,0.94) 0.002
HIV RNA Level, log,,copies/mL <1.6 <1.6 -
Nadir CD4+ Count (cells/mm?, IQR) 221 (80, 303) 213 (114,289)  0.680
Cumulative ART exposure (cells/mm?, IQR) 10 (6, 12) 6(5,7) 0.001
HCV seropositivity (No, %) 7 (21%) 5 (15%) 0.523

Cases: myocardial infarction (12 cases), solid-organ neoplasias (11 cases), stroke (5
cases), end-stage liver disease (4 cases) and end-stage renal disease (1 subject).

Conditional regression
logistic

(adjusted by ART exposure):
Per each CD4/CDS8 qrt.
decrease, five-fold increased
odds of serious non-AIDS
events

(OR: 4.8,95% Cl, 1.2, 19.5)

14




General characteristics of the study population

Study sample
N=407
Cases Controls P value
N=109 N=298
Sex, % 0.468
Male 779 81.1 |
Female 221 18.8
Age* 46 (43-49) 41 (34-47) <0.0001 |
Geographic Origin, % 0.301
Western Europe 70.9 90.5
South America 20.3 -
Africa 5.8 9.5
Other 3.1 -
Risk category, % 0.098
Previous IDU 48.4 329
Heterosexual 238 19.9
Homosexual 213 40.8
Other/Unknown 6.5 6.6
CDC HIV Classification, % 0.008
A 2713 61.2
B 37.2 18.8
C 333 19.9
Cumulative ART exposure 9.7 (5.5-13.6) 3.9 (2.3-5.4) <0.0001
(years)*
CD4 nadir (cell/uL)* 124 (33-221) 219 (107-303) <0.0001
CD4+ count (cell/uL)* 371 (225-586) 536 (407-678) <0.0001
CD8+ count (cell/uL)* 880 (582-1185) 791 (588- 0.007
1053)
CD4/CD8 ratio* 0.44 (0.30-0.68) 0.70 (0.48- <0.0001
0.94)

Serrano-Villar S, Pérez-Elias MJ, Dronda F, Casado JL, Moreno A, et al. (2014) Increased Risk of Serious Non-AIDS-Related Events in HIV-Infected
Subjects on Antiretroviral Therapy Associated with a Low CD4/CD8 Ratio. PLoS ONE 9(1): €85798. doi:10.1371/journal:pgne.0085798
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Results

AUC: CD4/CDS8 ratio Vs. Non-AIDS events
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Nadir CD4, AUC = 0.662 CD4 count, AUC = 0.671
CD8 count, AUC = 0.435 ® (CD4/CD8 ratio, AUC = 0.720

Reference

P <0.0001
Best cut-off: 0.4

Logistic Regression: CD4/CD8 ratio (<0.4 vs. 20.4) association
with non-AIDS events

Adjusted Cl95% P
OR
All 10.3 5.0-21.2 <0.0001
Subgroups
CD4 >200 cels/pL 10.4 4.6-23.5 <0.0001
CD4 >350 cels/pL 17.5 5.7-53.3 <0.0001
CD4 >500 cels/pL 14.5 2.8—-73.9 0.001
Nadir CD4 <200 12.7 4.7-34.7 <0.0001

Maximum model: age, sex, ART exposure, nadir CD4, CD4/CD8
ratio, CD4/CD8 ratio*CD4 nadir interaction. Only ART exposure
was retained in the adjusted model as a potential confounder.

Adjusted CD4/CDS8 ratio for non-AIDS mortality:
OR, 12.8; 95% Cl, 3.6—45.1; P<0.0001




Select matching ohservations based on a Mahalanobhis scoring

mahapick warlist [weight] , idvar{idrarname) treated( tredtedrar) [
pickids({ pickidrars) genfile{ filename) replace
prime id{prime id var) matchnum{matchnum var) nummatches(#)
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gsCcore scoorevar{scorervarname) all unsgquared euclidean
display{display options) float nocortrlimitation ]

Description

mahapick seeks mwatching obhservations for a set of "treated"™ ohservations,

u=ing a Mahalanohizs distance mweasure which it calculates.



Selection of study participants

HIV-infected individuals attending the
clinics between 1995-2012
N=2,624

121 did not initiated ART
118 had no follow-up

HIV-infected individuals initiating ART
N=2,385

TES had no decumented HIV RKA

_ 1|.I|Jpl'|'!5!hn > 12 manths

35 had hepatearoingma e == 591 had missing information

463 had iMﬂi‘l‘lpll’:ll‘: astertainment
of non-AIDS cvents

Y \ 4
Ca: | Controls
N=298

Matching (1:1)
by age, sex, nadir CD4, and proximal CD4 counts

8 casos could mot
be matched

Controls
N=100

Serrano-Villar S, Pérez-Elias MJ, Dronda F, Casado JL, Moreno A, et al. (2014) Increased Risk of Serious Non-AIDS-Related Events in HIV-Infected
Subjects on Antiretroviral Therapy Associated with a Low CD4/CD8 Ratio. PLoS ONE 9(1): e85798. doi:10.1371/journal.pone.0085798
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General characteristics of the study population and in the nested case/control study.

Study sample Matched Study
N=407 N=200
Cases Controls P value Cases Controls P value
N=109 N=298 N=100 N=100
Sex, % 0.468 1.0
Male 779 81.1 81.0 81.0 |
Female 221 18.8 19.0 19.0
Age* 46 (43-49) 41 (34-47) <0.0001 46 (42-50) 46 (42-50) 1.0 |
Geographic Origin, % 0.301 0.154
Western Europe 70.9 90.5 80.0 93.0
South America 20.3 - 15.0 -
Africa 5.8 9.5 3.0 7.0
Other 3.1 - 20 -
Risk category, % 0.098 0.104
Previous IDU 484 329 47.6 29.2
Heterosexual 23.8 19.9 28.6 19.8
Homosexual 213 40.8 143 427
Other/Unknown 6.5 6.6 9.5 83
CDC HIV Classification, % 0.008 0.242
A 275 61.2 336 423
B 37.2 18.8 311 274
C 333 19.9 36.3 303
Cumulative ART exposure 9.7 (5.5-13.6) 3.9 (23-5.4) <0.0001 9.8 (5.4-13.5) 43 (24-6.2) <0.0001
(years)*
CD4 nadir (cell/uL)* 124 (33-221) 219 (107-303) <0.0001 121 (40-231) 120 (46-233) 0.9105
CD4+ count (cell/uL)* 371 (225-586) 536 (407-678) <0.0001 404 (260-588) 415 (173-589) 0.689
CD8+ count (cell/uL)* 880 (582-1185) 791 (588- 0.007 925 (636-1245) 715 (501-978) 0.002
1053)
CD4/CDS8 ratio* 0.44 (0.30-0.68) 0.70 (0.48- <0.0001 0.46 (0.29-0.66) 0.62 (0.40-0.90) 0.001
0.94)

Serrano-Villar S, Pérez-Elias MJ, Dronda F, Casado JL, Moreno A, et al. (2014) Increased Risk of Serious Non-AIDS-Related Events in HIV-Infected

Subjects on Antiretroviral Therapy Associated with a Low CD4/CD8 Ratio. PLoS ONE 9(1): €85798. doi:10.1371/journal:pgne.0085798
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Conditional logistic regression in a
case-control nested study
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Risk of serious non-AIDS events associated with a low CD4/CD8

Explanatory logistic regression OR per Qrt. CD4/CDS8 ratio
(All sample) a* art. 3' Qrt. 2" Qrt. 1% Qrt. Decrease <0.4

OR (95% ClI) P OR (95% Cl) P OR (95% ClI) P OR (95% ClI) P OR (95% ClI) P
#Cases/Controls 11/91 19/83 31/71 48/53 109/298 109/298
Unadjusted 1.0 1.89 (0.85, 4.21) 0.118  3.61 (1.69, 7.68) 0.001 7.49 (3.58, 15.66) <0.0001 1.96 (1.57, 2.45) <0.0001 4.79 (2.91, 7.90) <0.0001
Adjusted* 1.0 2.57 (0.63, 10.54) 0.188 10.61 (2.78, 40.50) 0.001 15.77 (3.65, 68.18) <0.0001 2.56 (1.66, 3.94) <0.0001 5.11 (2.31, 12.42) <0.0001
#Cases/Controls in subjects with 4/24 13/35 19/39 34/41 70/139 70/139
nadir <200
Unadjusted 1.0 2.23 (0.65, 7.66) 0.204  2.92 (0.89, 9.62) 0.078  4.98 (1.57, 15.74) 0.006 1.61 (1.19, 2.17) 0.002 291 (1.59, 5.35) 0.001
Adjusted*® 1.0 1.45 (0.14, 15.09) 0.754  6.82 (0.75, 62.30) 0.089 15.49 (1.53, 156.16) 0.020 2.77 (141, 5.42) 0.030 7.90 (2.37, 26.38) 0.001
#Cases/Controls in subjects with 10/86 15/75 17/64 17/18 59/243 59/243
CD4>350
Unadjusted 1.0 1.72 (0.73, 4.05) 0215  2.28 (0.98, 5.32) 0.055 8.12 (3.19, 20.62) <0.0001 1.88 (1.40, 2.53) <0.0001 7.16 (3.24, 15.83) <0.0001
Adjusted* 1.0 1.48 (0.14, 15.55) 0.742  8.40 (0.92, 76.06) 0.058  15.03 (1.49, 150.75) 0.021 2.67 (1.38, 5.16) 0.003 6.57 (2.04, 21.14) 0.002
Conditional logistic regression 4* Quartile 3" Quartile 2"4 Quartile 1%t Quartile OR per Quartile CD4/CDS8 ratio <0.4
(Matched analysis)" Decrease

OR (95% CI) P OR (95% ClI) P OR (95% ClI) P OR (95% ClI) P OR (95% ClI) P
#Cases/Controls 17/33 25/25 24/26 34/16 100/100 100/100
Primary 1.0 2.45 (1.02, 5.86) 0.044  2.28 (0.92, 5.67) 0.076 11.46 (3.20, 40.97) <0.0001 1.95 (1.32, 2.73) <0.0001 3.43 (1.48, 7.96) 0.004
Adjusted§ 1.0 3.04 (0.45, 20.43) 0.252  3.56 (0.83, 32.57) 0.084  31.99 (2.70, 378.85) 0.006 2.89 (1.32, 6.17) 0.007 5.43 (1.89, 26.99) 0.004

Seven subjects from the 407 individuals were not included in the multivariate analysis due to missing data on CD4 nadir/cumulative ART exposure.

*Multivariate analysis adjusted by age, gender, nadir CD4+ cell count, date of ART initiation and cumulative ART exposure.
TCase-control substudy matched by age, gender, nadir CD4+ cell count and proximal CD4+ cell count.
$Conditional logistic regression analysis adjusted for date of ART initiation and cumulative ART exposure.

doi:10.1371/journal.pone.0085798.t003

Serrano-Villar S, Pérez-Elias MJ, Dronda F, Casado JL, Moreno A, et al. (2014) Increased Risk of Serious Non-AlDS-Related Events in HIV-Infected
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Low CD4/CD8 ratio (2/3 of patients)
Adequate CD4 increase, slow CD8 decline
Prominent immunosenescence. Excess mortality

COAfCDB CD4ajfcD8
o =1 ratio<1

Acute Chronic | Antiretroviral therapy

Serrano-Villar & Deeks. Lancet HIV 2015



CD4/CD8 ratio recovery {1/3 of patients)
Adequate CD4 increase, rapid CD8 decline
Minimal immunosenescence. Normal health

CDfCD8 CD4ajfCD8 CDAfCDS
rafiiim =1 ratio<1 o =1

Acute Chronic Antiretroviral therapy

Serrano-Villar & Deeks. Lancet HIV 2015



Resumen Métodos

Modelos lineales mixtos

— para calculo de asociaciones entre variables con medidas
repetidas

— comparar pendientes en dos grupos entre diferentes
puntos.

Comparacion de coeficientes de variacion
Curvas ROC (mejor punto de corte)

Procedimiento Mahapick (emparejar casos/controles)
Regresion logistica, modelo estimativo

Regresion logistica condicional (estimar el efecto de una
exposicion sobre un desenlace en un estudio casos/controles)
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