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Summary

We conducted a cross-sectional study with 208 HIV-uninfected and 188 HIV-infected women in 

Uganda and Zimbabwe to investigate differences in median CD4 counts. Absolute CD4 counts 

were determined by flow cytometry. Multivariate analyses were used to examine the association of 

country and HIV-infection status on CD4 counts. Median CD4 counts were significantly lower in 

Zimbabwe than in Uganda overall (649 and 783 cells/mm3, P = 0.009) and among HIV-infected 

women (470 and 614 cells/mm3, P = 0.003). In separate multivariable models, CD4 counts were 

significantly lower in Zimbabwe in HIV-uninfected (P = 0.014) and infected (P < 0.001) women, 

controlling for age, contraceptive method, education and living with partner status. In a model 

combining HIV-uninfected and infected women, there was no significant interaction between 

country and HIV infection status (P = 0.344), suggesting that the relationship between country and 

CD4 count was not significantly modified by HIV infection status. This study reinforces the 

importance of establishing country-specific reference CD4 levels as CD4 count continues to be 

used as a key biomarker in clinical decision-making for HIV-infected individuals in sub-Saharan 

Africa.
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INTRODUCTION

The CD4+ T-lymphocyte cell count remains an important marker for monitoring human 

immunodeficiency virus (HIV)-1 disease progression. The use of the CD4 count in clinical 
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decision-making for HIV-1-infected persons, however, is improved by knowledge of 

haematological reference ranges in the source populations.

While a CD4 reference range of 475–1616 cells/mm3 has been established for healthy HIV-

uninfected individuals in the United States,1 this cannot be applied to other populations due 

to considerable variation in factors that impact CD4 levels.2– 5 Previous studies of CD4 in 

healthy HIV-uninfected African populations have established mean CD4 cell counts of 775 

cells/mm3 in Ethiopia,6 980 cells/mm3 in Tanzania7 and 1256 cells/mm3 in Uganda.8 In 

some HIV-uninfected African populations, background CD4 counts have varied by gender: 

at a national hospital in Tanzania, women had significantly higher mean CD4 levels than 

men.5 A study of HIV counselling and testing clients in Uganda (38% women) had similar 

find-ings.8 However, among 183 healthy HIV-uninfected miners (49% women) and 681 

antenatal clinic attendees in Nigeria, CD4 counts were similar among the male and non-

pregnant female miners (combined mean 828 cells/mm3).3

In Ugandan and Zimbabwean women, who became HIV-infected while participating in the 

Hormonal Contraception and Risk of HIV Acquisition (HC–HIV) Study9 and subsequently 

enrolled in an incident HIV infection cohort (Genital Shedding [GS] Study), CD4 counts 

were measured quarterly. Preliminary results demonstrated that median CD4 counts were 

lower in Zimbabwean women than in Ugandan women during early HIV-1 infection.10 We 

conducted a sub-study in a sample of HIV-uninfected and infected women from these two 

cohorts to determine whether CD4 differences observed were associated with differences in 

(1) background levels in HIV-uninfected women; (2) the infection process (e.g. variation by 

HIV subtype); or (3) laboratory procedures.

METHODS

Between November 1999 and January 2004, women in Zimbabwe and Uganda were 

enrolled in the HC–HIV Study, a longitudinal study of hormonal contraception and HIV 

acquisition.9 At enrolment, participants were aged 18–35 years, sexually active and seeking 

reproductive and general health-care services at three sites in Kampala (Uganda) and four 

sites in Harare and Chitungwiza (Zimbabwe). Participants had been using low-dose 

combined oral contraceptives (COCs), depot-medroxyprogesterone acetate or a non-

hormonal contraceptive method for at least three months. If women became HIV infected, 

they were recruited into an incident HIV cohort, the GS Study, which started in March 2001.

Study population

Between July 2003 and January 2004, a sample of HIV-uninfected participants from the 

HC–HIV Study was recruited for the CD4 substudy. If they consented to participate, a CD4 

T-lymphocyte count was conducted on routinely collected blood.

Between March 2001 and July 2007, GS Study participants were included in the CD4 

substudy if they had a CD4 count available at six months (+1 month) following their 

estimated HIV infection date. CD4 counts measured approximately six months following the 

HIV infection were selected to capture early-stage HIV infection while allowing for 

recovery from the acute HIV infection CD4 nadir.
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This substudy was approved by the institutional review boards of collaborating institutions 

in the United States, Zimbabwe and Uganda, and all women provided informed consent 

prior to study participation.

Laboratory procedures

CD4 T-lymphocyte counts were determined on site by standard flow cytometry using 

FACSCount or FACSCalibur (Becton Dickinson, Sparks, MD, USA) analysis within 4–6 

hours of specimen collection. Both countries upgraded technology from FACSCount to 

FACSCalibur in 2003. Manufacturer’s instructions were followed for all analytical 

procedures. Herpes simplex virus (HSV)-2 infection was diagnosed by ensyme linked 

immunosorbent assay (ELISA) (Focus Diagnostics, Cypress, CA, USA).

Every effort was made to ensure that the laboratories in Uganda and Zimbabwe followed the 

same procedures for flow cytometry and for quality assurance procedures. Both study 

laboratories participated in the CD4 proficiency testing programme administered by the UK 

National External Quality Assessment Service, as required by the US National Institutes of 

Health, Division of AIDS. Additionally, a subset of GS Study samples tested by each study 

laboratory was sent to a local reference laboratory for reliability testing.

Statistical analysis

The outcome was defined as differences in CD4 cells/mm3 by group. The main effects of 

interest were country and HIV infection status. Age, contraceptive method, education level, 

living with partner and pregnancy status (HIV-infected women only) were examined as 

covariates. Sexual risk behaviour in the participant and their primary partner was also 

examined.

Differences in population characteristics were examined using Fisher’s exact test. The 

Mann–Whitney–Wilcoxon test was used to test the hypothesis that median CD4 counts 

differed significantly by country and by HIV serostatus. In multivariate analyses, 

generalized estimating equations were used to evaluate the impact of the main effects on 

CD4 cell counts among HIV-uninfected and infected women separately and then in a single 

model with an interaction term for HIV infection status and country, controlling for 

covariates. The Wald method was used to compute confidence intervals for estimated CD4 

counts.

RESULTS

Characteristics of the study population

The study population comprised 188 HIV-infected and 208 (53%) uninfected women. 

Among HIV-infected women, 100 (53%) were Zimbabwean and 88 (47%) were Ugandan; 

among HIV-uninfected women, 103 were from Zimbabwe and 105 from Uganda.

In both the HIV-infected and uninfected cohorts, women in Zimbabwe and Uganda were 

similar in age, and Zimbabwean women had more education than those in Uganda (Table 1). 

More Zimbabwean women were living with a partner compared with their Ugandan 

counterparts. In the HIV-infected cohort only, more Zimbabwean than Ugandan women 
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reported using hormonal contraceptive methods. No significant difference in HSV-2 

infection status by country was observed between either cohort.

Variation in median CD4 cell counts

The two sites each received 25 identical proficiency panels as part of the UK-based external 

proficiency testing programme. Comparison of the results of the panels tested by each 

laboratory showed no difference in absolute CD4 counts (sign test: P = 0.69). In addition, 

GS Study samples tested in parallel at local reference laboratories in Uganda and Zimbabwe 

demonstrated a high correlation with the original values from the study laboratories (rs = 

0.86, P < 0.0001).

Overall, median CD4 cell counts were significantly lower in Zimbabwe (649, interquartile 

range [IQR]: 453–881) than in Uganda (783, IQR: 586–999) (P = 0.009) (Table 2). This 

difference was statistically significant in the HIV-infected women, where median CD4 cell 

counts were 470 (IQR: 357–579) in Zimbabwe and 614 (IQR: 463–783) in Uganda (P = 

0.003). Among the HIV-uninfected women, we did not find a statistically significant 

difference in median CD4 counts between the two countries, although a similar trend was 

noted (Zimbabwe: 838 [IQR: 679–1041], Uganda: 912 [IQR: 757–1156]; P = 0.244).

Predictors of CD4 levels in HIV-uninfected and HIV-infected women

In separate multivariable models for HIV-uninfected and infected women, the CD4 count 

was significantly lower in Zimbabwe than in Uganda, controlling for age, education level, 

living with partner and contraceptive method, in both HIV-uninfected (P = 0.014) and 

infected (P < 0.001) women (Table 3). Covariates including current age, education level and 

living with partner were not associated with CD4 levels in either model; COC use was 

associated with higher CD4 levels among HIV-infected women (P = 0.019) (Table 3). 

Pregnancy status was significantly associated with decreased CD4 counts in HIV-infected 

women (P = 0.031). In a model combining all women, there was no significant interaction 

between country and HIV infection status (P = 0.344), suggesting that the relationship 

between country and CD4 count was not significantly modified by HIV infection status.

Among the HIV-infected women with HIV subtype data, CD4 count was significantly lower 

in Zimbabwe (196 fewer cells), where all HIV infections were subtype C, compared with 

women in Uganda with subtype A infections. However, when CD4 counts in Ugandan 

women with subtypes A and D were compared, there was no statistical difference in the 

CD4 count. COC use and pregnancy remained statistically significant in the model with HIV 

subtype included.

DISCUSSION

We found that CD4 levels were lower in Zimbabwe than in Uganda in both HIV-uninfected 

and infected women. HIV infection status did not modify the relationship between country 

and CD4 levels, suggesting the difference in CD4 levels among HIV-infected women is due 

to background CD4 levels rather than to the HIV infection process itself. We also found high 

levels of agreement between the two study laboratories during proficiency testing.
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The specific reason behind the differences in background CD4 levels between Ugandan and 

Zimbabwean women remains unclear. We attempted to control for the potential effects of 

other underlying factors where data were available. For the most part, contraceptive method 

was not associated with the CD4 count, although we did observe significantly higher CD4 

count in HIV-infected women who used COCs compared with the non--hormonal referent 

group. A similar effect was noted among COC users in a study of HIV-infected women in 

the USA.11

There was an association between pregnancy and lower CD4 count among HIV-infected 

women. While Zimbabwean women were significantly more educated and likely to be living 

with their regular partner, neither these factors nor age was independently associated with 

CD4 levels.

Although we found no difference in the CD4 count among HIV-infected women in Uganda 

with subtype D compared with those with subtype A, two independent cohort studies in 

Kenya and Uganda showed faster CD4 decline among women with subtype D HIV infection 

compared with women with other HIV subtypes.12,13 Those studies, however, followed 

women over many years. Such a difference may not have been detectable in our study since 

all women had early HIV infection. Subtype C is predominant in Zimbabwe and subtype A 

in Uganda, but we cannot gauge whether the difference in CD4 counts is due to HIV subtype 

or to other factors.

Compared with a previous study by Tugume et al.8 that reported a mean CD4 count of 1425 

cells/mm3 in a group of HIV-uninfected women in Uganda, our study found a much lower 

mean of 840 (and median of 783) among HIV-uninfected Ugandan women. Tugume et al.8 

reported the mean count, which may have been skewed due to outliers. Although both 

studies used the same laboratory, variations in laboratory procedures may explain the 

difference, because the previous study was conducted approximately 10 years earlier than 

the present study. Additionally, Tugume et al. utilized FACScan rather than FACSCount or 

FACSCalibur and calculated the CD4 count using the absolute lymphocyte count and CD4 

percentage rather than measuring the absolute CD4 count directly. We are not aware of any 

comparable published studies of CD4 counts among HIV-uninfected Zimbabweans.

We lacked information on other factors that may have contributed to lower CD4 counts in 

Zimbabwe such as systemic infectious diseases including malaria, diarrhoeal or respiratory 

diseases and tuberculosis. Differential treatment and care of such co-morbidities across the 

two countries may also have contributed to the lower median CD4 counts in HIV-infected 

Zimbabwean women.

Despite the above limitations, our study contributes to the understanding of differential CD4 

counts in HIV-uninfected and infected women in two sub-Saharan African countries. 

Ongoing and future studies should include examination of CD4 levels in non-pregnant 

women, particularly those who are known to be HIV-uninfected, to create a knowledge base 

on background levels of CD4 count in healthy individuals. Further, factors that may explain 

observed differences in background CD4 count should be examined to better understand the 

‘natural history’ of CD4, particularly before and after HIV infection. Establishing reference 
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CD4 levels specific to sub-Saharan African countries is necessary for refining the 

interpretation of this key biomarker that continues to play a major role in clinical decision-

making for HIV-infected individuals.

Acknowledgments

This project has been funded with federal funds from the National Institute of Child Health and Human 
Development, National Institutes of Health, Department of Health and Human Services through a contract with 
Family Health International (FHI) (Contract Number N01-HD-0-3310).

Disclaimers: The content of this publication does not necessarily reflect the views or policies of the Department of 
Health and Human Services or FHI, nor does mention of trade names, commercial products or organizations imply 
endorsement by the US Government.

Conflicts of Interest: Robert Salata: Educational grants from Merck, Pfizer, Astelles, Bristol Myers Squibb, 
GlaxoSmith Kline, Cubist, Aztra-Zeneca. Medical Advisory Boards: STERIS Corporation, PPD. Other authors: 
none.

References

1. National Center for Health Statistics. National Health and Nutrition Examination Survey, Lab 
Methods 2003–04: Lab 03 CD4+ T-Lymphocytes and CD8 T cells. See www.cdc.gov/nchs/about/
major/nhanes/nhanes2003-2004/lab_methods_03_04.htm

2. Abuye C, Tsegaye A, West CD, et al. Determinants of CD4 counts among HIV-negative Ethiopians: 
role of body mass index, gender, cigarette smoking, khat (Catha edulis) chewing, and possibly 
altitude? J Clin Immunol. 2005; 25:127–33. [PubMed: 15821889] 

3. Aina O, Dadik J, Charurat M, et al. Reference values of CD4 T lymphocytes in human 
immunodeficiency virus-negative adult Nigerians. Clin Diagn Lab Immunol. 2005; 12:525–30. 
[PubMed: 15817761] 

4. Anglaret X, Diagbouga S, Mortier E, et al. CD4+ T-lymphocyte counts in HIV infection: are 
European standards applicable to African patients? J Acquir Immune Defic Hum Retrovirol. 1997; 
14:361–7.

5. Urassa WK, Mbena EM, Swai AB, et al. Lymphocyte subset enumeration in HIV seronegative and 
HIV-1 seropositive adults in Dar es Salaam, Tanzania: determination of reference values in males 
and females and comparison of two flow cytometric methods. J Immunol Methods. 2003; 277:65–
74. [PubMed: 12799040] 

6. Tsegaye A, Messele T, Tilahun T, et al. Immunohematological reference ranges for adult Ethiopians. 
Clin Diagn Lab Immunol. 1999; 6:410–414. [PubMed: 10225845] 

7. Levin A, Brubaker G, Shao JS, et al. Determination of T-lymphocyte subsets on site in rural 
Tanzania: results in HIV-1 infected and non-infected individuals. Int J STD AIDS. 1996; 7:288–91. 
[PubMed: 8876362] 

8. Tugume SB, Piwowar EM, Lutalo T, et al. Hematologic reference ranges among healthy Ugandans. 
Clin Diag Lab Immunol. 1995; 2:233–5.

9. Morrison CS, Richardson BA, Mmiro F, et al. Hormonal contraception and the risk of HIV 
acquisition. AIDS. 2007; 21:85–95. [PubMed: 17148972] 

10. Walker, C.; Mackay, W.; Rwambuya, S., et al. CD4 T-lymphocyte determinations in HIV-1 
uninfected women from Uganda and Zimbabwe participating in the hormonal contraception and 
risk for HIV-1 acquisition (HC-HIV) study. Poster presented at XV International AIDS 
Conference; 11–16 July 2004; Bangkok, Thailand. 

11. Cejtin H, Jacobson L, Springer G, et al. Effect of hormonal contraceptive use on plasma HIV-1-
RNA levels among HIV-infected women. AIDS. 2003; 17:1702–4. [PubMed: 12853757] 

12. Baeten JM, Chohan B, Lavreys L, et al. HIV-1 subtype D infection is associated with faster disease 
progression than subtype A in spite of similar plasma HIV-1 loads. J Infect Dis. 2007; 195:1177–
80. [PubMed: 17357054] 

Lovvorn et al. Page 6

Int J STD AIDS. Author manuscript; available in PMC 2016 December 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13. Kiwanuka N, Laeyendecker O, Robb M, et al. Effect of human immunodeficiency virus Type 1 
(HIV-1) subtype on disease progression in persons from Rakai, Uganda, with incident HIV-1 
infection. J Infect Dis. 2008; 197:707–13. [PubMed: 18266607] 

Lovvorn et al. Page 7

Int J STD AIDS. Author manuscript; available in PMC 2016 December 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lovvorn et al. Page 8

Ta
b

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 H

IV
-u

ni
nf

ec
te

d 
an

d 
in

fe
ct

ed
 w

om
en

 in
 U

ga
nd

a 
an

d 
Z

im
ba

bw
e 

(n
 =

 3
96

)

C
ha

ra
ct

er
is

ti
c

H
IV

 u
ni

nf
ec

te
d 

(n
 =

 2
08

)
H

IV
 in

fe
ct

ed
 (

n 
= 

18
8)

U
ga

nd
a 

(n
 =

 1
05

) 
n 

(%
)

Z
im

ba
bw

e 
(n

 =
 1

03
) 

n 
(%

)
P

 v
al

ue
*

U
ga

nd
a 

(n
 =

 8
8)

 n
 (

%
)

Z
im

ba
bw

e 
(n

 =
 1

00
) 

n 
(%

)
P

 v
al

ue
*

A
ge

 (
ye

ar
s)

†

 
18

–2
4

23
 (

22
)

20
 (

19
)

0.
90

4
28

 (
32

)
19

 (
19

)
0.

12
8

 
25

–2
9

38
 (

36
)

39
 (

38
)

33
 (

38
)

42
 (

42
)

 
≥3

0
44

 (
42

)
44

 (
43

)
27

 (
31

)
39

 (
39

)

≤9
 y

ea
rs

 o
f 

ed
uc

at
io

n‡
81

 (
78

)
34

 (
33

)
<

0.
00

1
60

 (
68

)
39

 (
39

)
<

0.
00

1

L
iv

in
g 

w
ith

 p
ar

tn
er

§
87

 (
83

)
96

 (
93

)
0.

03
2

43
 (

51
)

72
 (

72
)

0.
00

4

M
aj

or
ity

 c
on

tr
ac

ep
tiv

e 
us

e†
**

 
C

O
C

33
 (

31
)

37
 (

36
)

0.
75

2
13

 (
15

)
24

 (
24

)
<

0.
00

1

 
D

M
PA

35
 (

33
)

30
 (

29
)

32
 (

38
)

55
 (

55
)

 
N

H
37

 (
35

)
36

 (
35

)
40

 (
47

)
21

 (
21

)

C
ur

re
nt

ly
 p

re
gn

an
t†

0
0

N
A

4 
(5

)
4 

(4
)

1.
00

0

H
SV

-2
 p

os
iti

ve
†

68
 (

67
)

56
 (

54
)

0.
08

7
69

 (
81

)
87

 (
87

)
0.

31
4

* B
as

ed
 o

n 
Fi

sh
er

’s
 e

xa
ct

 te
st

† A
t C

D
4 

st
ud

y 
vi

si
t, 

w
hi

ch
 o

cc
ur

re
d 

be
tw

ee
n 

Ju
ly

 2
00

3 
an

d 
Ja

nu
ar

y 
20

04
 f

or
 th

e 
H

IV
-u

ni
nf

ec
te

d 
gr

ou
p 

an
d 

be
tw

ee
n 

M
ar

ch
 2

00
1 

an
d 

Ju
ly

 2
00

7 
fo

r 
th

e 
H

IV
-i

nf
ec

te
d 

gr
ou

p

‡ A
t H

or
m

on
al

 C
on

tr
ac

ep
tio

n 
an

d 
R

is
k 

of
 H

IV
 A

cq
ui

si
tio

n 
(H

C
–H

IV
) 

sc
re

en
in

g 
vi

si
t (

13
–4

5 
m

on
th

s 
pr

io
r 

to
 th

e 
C

D
4 

vi
si

t)

§ A
t H

C
–H

IV
 s

cr
ee

ni
ng

 v
is

it 
(1

3–
45

 m
on

th
s 

pr
io

r 
to

 th
e 

C
D

4 
vi

si
t)

 f
or

 th
e 

H
IV

-u
ni

nf
ec

te
d 

gr
ou

p;
 a

t G
S 

en
ro

lm
en

t v
is

it 
(0

–6
 m

on
th

s 
pr

io
r 

to
 th

e 
C

D
4 

vi
si

t)
 f

or
 th

e 
H

IV
-i

nf
ec

te
d 

gr
ou

p

**
C

om
bi

ne
d 

or
al

 c
on

tr
ac

ep
tiv

e 
(C

O
C

),
 d

ep
ot

-m
ed

ro
xy

pr
og

es
te

ro
ne

 a
ce

ta
te

 (
D

M
PA

) 
an

d 
no

n-
ho

rm
on

al
 (

N
H

) 
co

nt
ra

ce
pt

iv
e 

m
et

ho
ds

H
SV

-2
 =

 h
er

pe
s 

si
m

pl
ex

 v
ir

us
-2

; N
A

 =
 n

ot
 a

pp
lic

ab
le

Int J STD AIDS. Author manuscript; available in PMC 2016 December 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lovvorn et al. Page 9

Ta
b

le
 2

M
ed

ia
n 

an
d 

in
te

rq
ua

rt
ile

 r
an

ge
s 

(I
Q

R
) 

of
 C

D
4 

T-
ce

ll 
co

un
ts

 a
m

on
g 

U
ga

nd
an

 a
nd

 Z
im

ba
bw

ea
n 

w
om

en
 b

y 
H

IV
 in

fe
ct

io
n 

st
at

us
 (

n 
=

 3
96

)

Z
im

ba
bw

e
U

ga
nd

a

P
 v

al
ue

*
n

M
ed

ia
n 

C
D

4 
(I

Q
R

)
n

M
ed

ia
n 

C
D

4 
(I

Q
R

)

To
ta

l
20

3
64

9 
(4

53
–8

81
)

19
3

78
3 

(5
86

–9
99

)
0.

00
9

H
IV

 in
fe

ct
ed

10
0

47
0 

(3
57

–5
79

)
88

61
4 

(4
63

–7
83

)
0.

00
3

H
IV

 u
ni

nf
ec

te
d

10
3

83
8 

(6
79

–1
04

1)
10

5
91

2 
(7

57
–1

15
6)

0.
24

4

* B
as

ed
 o

n 
M

an
n–

W
hi

tn
ey

–W
ilc

ox
on

 te
st

 f
or

 H
O

: M
ed

ia
n 

C
D

4 
(U

ga
nd

a)
 −

 M
ed

ia
n 

C
D

4 
(Z

im
ba

bw
e)

 ≤
60

 c
el

ls

Int J STD AIDS. Author manuscript; available in PMC 2016 December 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lovvorn et al. Page 10

Ta
b

le
 3

Pr
ed

ic
to

rs
 o

f 
C

D
4 

co
un

ts
 in

 s
ep

ar
at

e 
m

ul
tiv

ar
ia

bl
e 

m
od

el
s 

fo
r 

H
IV

-u
ni

nf
ec

te
d 

an
d 

in
fe

ct
ed

 w
om

en
 in

 U
ga

nd
a 

an
d 

Z
im

ba
bw

e

V
ar

ia
bl

e

H
IV

 u
ni

nf
ec

te
d 

(n
 =

 2
08

)
H

IV
 in

fe
ct

ed
 (

n 
= 

18
0*

)

E
st

im
at

ed
 C

D
4

95
%

 C
I

P
 v

al
ue

†
E

st
im

at
ed

 C
D

4
95

%
 C

I
P

 v
al

ue
†

In
te

rc
ep

t
92

7
77

4,
 1

08
0

<
0.

00
1

65
8

54
7,

 7
70

<
0.

00
1

C
ou

nt
ry

 
Z

im
ba

bw
e

−
11

4
−

20
6,

 −
23

0.
01

4
−

20
2

−
28

7,
 −

11
7

<
0.

00
1

 
U

ga
nd

a
R

ef
er

en
ce

R
ef

er
en

ce

M
aj

or
ity

 c
on

tr
ac

ep
tiv

e 
us

e‡§

 
C

O
C

−
27

−
12

6,
 7

1
0.

59
0

13
1

21
, 2

40
0.

01
9

 
D

M
PA

−
38

−
13

8,
 6

2
0.

45
4

20
−

65
, 1

05
0.

64
9

 
N

H
R

ef
er

en
ce

R
ef

er
en

ce

A
ge

 (
ye

ar
s)

§

 
18

–2
4

27
−

82
, 1

35
0.

62
9

34
−

64
, 1

33
0.

49
6

 
25

–2
9

50
−

42
, 1

41
0.

28
7

−
1

−
79

, 7
7

0.
98

0

 
30

 a
nd

 u
p

R
ef

er
en

ce
R

ef
er

en
ce

≤9
 y

ea
rs

 o
f 

ed
uc

at
io

n*
*

39
−

51
, 1

29
0.

39
5

−
19

−
93

, 5
4

0.
60

8

L
iv

in
g 

w
ith

 p
ar

tn
er

††
39

−
87

, 1
65

0.
54

4
9

−
69

, 8
7

0.
81

7

C
ur

re
nt

ly
 p

re
gn

an
t§

–
–

–
−

15
4

−
29

4,
 −

14
0.

03
1

* E
ig

ht
 w

om
en

 w
er

e 
ex

cl
ud

ed
 in

 th
e 

H
IV

-i
nf

ec
te

d 
m

od
el

 d
ue

 to
 m

is
si

ng
 d

at
a

† B
as

ed
 o

n 
ch

i-
sq

ua
re

 te
st

 b
y 

th
e 

ge
ne

ra
liz

ed
 e

st
im

at
in

g 
eq

ua
tio

n 
m

od
el

 w
ith

 G
am

m
a 

di
st

ri
bu

tio
n

‡ C
om

bi
ne

d 
or

al
 c

on
tr

ac
ep

tiv
e 

(C
O

C
),

 d
ep

ot
-m

ed
ro

xy
pr

og
es

te
ro

ne
 a

ce
ta

te
 (

D
M

PA
) 

an
d 

no
n-

ho
rm

on
al

 (
N

H
) 

co
nt

ra
ce

pt
iv

e 
m

et
ho

ds

§ A
t C

D
4 

st
ud

y 
vi

si
t, 

w
hi

ch
 o

cc
ur

re
d 

be
tw

ee
n 

Ju
ly

 2
00

3 
an

d 
Ja

nu
ar

y 
20

04
 f

or
 th

e 
H

IV
-u

ni
nf

ec
te

d 
gr

ou
p 

an
d 

be
tw

ee
n 

M
ar

ch
 2

00
1 

an
d 

Ju
ly

 2
00

7 
fo

r 
th

e 
H

IV
-i

nf
ec

te
d 

gr
ou

p

**
A

t H
or

m
on

al
 C

on
tr

ac
ep

tio
n 

an
d 

R
is

k 
of

 H
IV

 A
cq

ui
si

tio
n 

(H
C

–H
IV

) 
sc

re
en

in
g 

vi
si

t (
13

–4
5 

m
on

th
s 

pr
io

r 
to

 th
e 

C
D

4 
vi

si
t)

††
A

t H
C

–H
IV

 s
cr

ee
ni

ng
 v

is
it 

(1
3–

45
 m

on
th

s 
pr

io
r 

to
 th

e 
C

D
4 

vi
si

t)
 f

or
 th

e 
H

IV
-u

ni
nf

ec
te

d 
gr

ou
p;

 a
t G

S 
en

ro
lm

en
t v

is
it 

(0
–6

 m
on

th
s 

pr
io

r 
to

 th
e 

C
D

4 
vi

si
t)

 f
or

 th
e 

H
IV

-i
nf

ec
te

d 
gr

ou
p

Int J STD AIDS. Author manuscript; available in PMC 2016 December 20.


	Summary
	INTRODUCTION
	METHODS
	Study population
	Laboratory procedures
	Statistical analysis

	RESULTS
	Characteristics of the study population
	Variation in median CD4 cell counts
	Predictors of CD4 levels in HIV-uninfected and HIV-infected women

	DISCUSSION
	References
	Table 1
	Table 2
	Table 3

