
Results

Young CPHIV Have Low Proinsulin to C-Peptide Ratios That 
Inversely Correlate With T-Cell Exhaustion

Introduction
People living with HIV have an increased risk of developing 
diabetes mellitus. HIV-associated diabetes, is clinically similar to 
Type 2 diabetes, which occurs due to increased peripheral insulin 
resistance combined with β cell dysfunction1. Children with 
perinatal HIV (CPHIV) have higher rates of insulin resistance 
compared with healthy children2, 3, but whether β cell dysfunction 
contributes is unknown.

The ratio of immature (Pro-insulin) relative to mature (C-peptide) 
insulin products (PI:C) in circulation serves as a biomarker of 
pancreatic β cell stress4 and is predictive of progression to type 1 
or type 2 diabetes5-8. Adults living with HIV (ALHIV) did not have 
an elevated PI:C ratio. Instead, a lower PI:C (reduced β cell stress ) 
was observed in ART-naïve subjects with reduced CD4 counts 
compared to those on ART treatment or without HIV9, suggesting 
immune dysregulation may preserve β cell function. In this study, 
we investigated PI:C ratios in CPHIV and their correlations with 
clinical, intestinal damage, and immune activation and exhaustion 
markers.

We quantified plasma levels of proinsulin (TECO intact proinsulin 
ELISA) and C-peptide (TOSOH immunoassay) in 200 Kenyan 
children who were HIV unexposed (HIV-) and CPHIV who were 
treatment naïve (ART-) or virally suppressed on treatment (ART+) 
aged 0-5 years (“0-5y” n=28 ART-, 21 ART+, 36 HIV-) and 5-20 
years (“5-20y” n=41 ART-, 28 ART+, 46 HIV-). We calculated PI:C 
and assessed its correlations with HIV viral load, CD4 count, CD4%, 
CD4:CD8, markers of systemic inflammation (CRP, IL-6), monocyte 
(sCD14, sCD163) and T cell (CD38+HLA-DR+) activation markers, 
and immune checkpoints (ICPs: PD-1, CD160, TIM3) on memory T 
cells. Mann-Whitney test, Kruskal–Wallis test, Chi-Square test, and 
Spearman’s correlations were performed on GraphPad Prism 10.

CPHIV had a lower PI:C compared with HIV-, stemming from 
lower proinsulin in younger and higher C-peptide in older CPHIV.

Clinical markers of HIV disease progression and inflammation 
were not associated with β cell stress in CPHIV.

PI:C had differential associations with ICPs on T cells in younger 
and older CPHIV.
• In 0-5y CPHIV, PI:C inversely correlated with PD-1 and TIM3 

on memory CD4 and PD-1 and CD160 on memory CD8 T cells.

• In 5-20y CPHIV, PI:C was not significantly associated with ICPs.

Our data show no evidence of β cell dysfunction in CPHIV and 
suggest ICPs may play a protective role against β cell stress in 
young CPHIV.
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Methods

Conclusions

Table 1a: 0-5y Participant Characteristics
HIV- ART- ART+ p

n 36 28 21

Age (y) 2.6 (1.3-3.6) 2.1 (1.1-3.3) 3.0 (2.1-3.5) nsa

#Female 20 (56%) 15 (54%) 10 (48%) nsb

% CD4 33 (28-39) 21 (14-32) 32 (28-35) 0.0002 a

CD4:CD8 1.9 (1.2-2.5) 0.5 (0.2-1.1) 1.4 (1.0-1.7) <0.0001a

HIV log copies/ml 5.2 (4.3-5.8) 2.0 (2.0-2.0) <0.0001c

HIV- ART- ART+ p

n 46 41 28

Age (y) 11.7 
(9.4-15.7)

10.7 
(8.3-13.9)

11.2
(8.2-13.1) nsa

#Female 19 (41%) 23 (56%) 14 (50%) nsb

% CD4 38 (33-42) 24 (14-28) 33 (29-41) <0.0001 a

CD4:CD8 1.8 (1.2-2.3) 0.5 (0.3-0.8) 1.0 (0.5-1.4) <0.0001a

HIV log copies/ml 4.8 (4.3-5.2) 2.0 (2.0-2.0) <0.0001c

Data are presented as median values with interquartile range or #number 
and percentage. (a) Kruskal-Wallis; (b) Chi-Square; (c) Mann-Whitney. ns: 
not significant. 

Fig 1. Proinsulin, C-peptide and PI:C ratios in CPHIV. Comparison of (A) Proinsulin, (B) C-peptide and (C) PI:C in CPHIV 0-5 years (orange) or 5-20 years (blue). Compared to 
HIV-, 0-5y ART- group had lower PI:C (C) and proinsulin levels (A), whereas ART+ trended toward lower PI:C (C). In 5-20y, ART+  had lower PI:C (C) and both ART- and ART+ 
had a higher C-peptide level (B) than HIV- children. P values less than 0.05 are shown.

Fig 2. Correlations between PI:C and (A) CD4% and (B) HIV viral load in CPHIV 0-5 years (orange) or 5-20 
years (blue). PI:C did not correlate with (A) CD4 T %  in 0-5y old or 5-20y old CPHIV. PC:C also did not show 
correlations with (B) HIV viral load (log RNA copies/ml) in ART- CPHIV. ns: not significant.
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Figure 4. Correlations between PI:C and (A) TIM3+ and (B) PD-1+ CD4m T cells, (C) PD-1+ and (D) CD160+ CD8m T cells in CPHIV 0-5 years. PI:C negatively correlated with percentage of (A) TIM3+ and  
(B) PD-1+ memory CD4 T cells and  (C) PD-1+ and (D) CD160+ memory CD8 T cells. There were no correlations between PI:C and ICPs in 5-20y CPHIV (data not shown). 

Fig 3. Correlations between PI:C and (A) CRP, (B) sCD14, (C) sCD163, (D) CD38+HLA-DR+ CD8 T, (E) IFABP in CPHIV 0-5 years (orange) or 5-20 years (blue). PI:C did not correlate with levels of (A) CRP, 
(B) sCD14, (C) sCD163, (D) the frequency of HLA-DR+CD38+ CD8 T cells in peripheral blood mononuclear cells, and (E) IFABP in 0-5y old, or 5-20y old CPHIV.
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Figure 1. Proinsulin and C-peptide Ratios Figure 2. PI:C and HIV Disease Progression

Figure 3. PI:C and Inflammation

Figure 4. PI:C and Immune Checkpoints

0 
- <

5 
ye

ar
s

5-
20

 y
ea

rs
HIV- ART- ART+

1e-001

1

10

100

Pr
oi

ns
ul

in
 (p

M
)

HIV- ART- ART+
0.01

0.1

1

10

100
Pr

oi
ns

ul
in

 (p
M

)

HIV- ART- ART+
10

100

1000

10000

C
-p

ep
tid

e 
(p

M
)

HIV- ART- ART+
10

100

1000

10000

C
-p

ep
tid

e 
(p

M
)

HIV- ART- ART+
0.0001

0.001

0.01

0.1

PI
:C

HIV- ART- ART+
0.0001

0.001

0.01

0.1

PI
:C

0 20 40 60
0.0001

0.001

0.01

0.1

PI
:C

ns

0 20 40 60
0.0001

0.001

0.01

0.1

CD4 (%)

PI
:C

ns

0 2 4 6 8
0.0001

0.001

0.01

0.1

PI
:C

ns

3 4 5 6 7
0.0001

0.001

0.01

0.1

log HIV-1 RNA (copies/ml)

PI
:C

ns

0.01 0.1 1 10 100
0.0001

0.001

0.01

0.1

PI
:C

ns

0.01 0.1 1 10 100
0.0001

0.001

0.01

0.1

CRP (mg/mL)

PI
:C

ns

0 1 2 3 4
0.0001

0.001

0.01

0.1

ns

0 1 2 3 4
0.0001

0.001

0.01

0.1

sCD14 (mg/ml)

ns

0 500 1000 1500
0.0001

0.001

0.01

0.1

ns

0 500 1000 1500
0.0001

0.001

0.01

0.1

sCD163 (ng/ml)

ns

10 100 1000 10000
0.0001

0.001

0.01

0.1

ns

10 100 1000 10000
0.0001

0.001

0.01

0.1

IFABP (pg/ml)

ns

0 10 20 30 40
0.0001

0.001

0.01

0.1

ns

0 5 10 15
0.0001

0.001

0.01

0.1

%CD38+HLA-DR+ CD8 T cells

ns

0 20 40 60 80
0.0001

0.001

0.01

0.1

%PD-1+ CD4 memory T cells

   r =
  p =

0 5 10 15 20
0.0001

0.001

0.01

0.1

%TIM3+ CD4 memory T cells

PI
:C

   r =
  p =

0 20 40 60 80 100
0.0001

0.001

0.01

0.1

%PD-1+ CD8 memory T cells

   r =
  p =

0 20 40 60
0.0001

0.001

0.01

0.1

%CD160+ CD8 memory T cells

   r =
  p =

A B C D

0 
- <

5 
ye

ar
s

Systemic Monocyte T cell Intestinal Permeability


	Slide Number 1

