
New Microbiologica, 39, 61-64, 2016

Is hand-grip another culprit for the risk  
of fractures in HIV-positive patients?
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Risk of bone fractures in patients with HIV infection is greater than in the general population, particularly in those 
co-infected with hepatitis viruses. We compared bone mineral density (BMD) and muscular strength, measured by 
hand grip test (HG), in HIV mono-infected and co-infected patients. T-score values were lower in HIV patients co-in-
fected with hepatitis viruses vs. mono-infected individuals. Since no significant correlations between HG and T-scores 
were found, we hypothesize that these factors belong, at least in part, to independent pathways, so both should be 
taken into account as risks for fragility fractures. Larger prospective studies are needed to confirm this hypothesis.
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Previous studies reported that the risk of 
bone fractures is greater in HIV-positive pa-
tients than in the general population (Torti et 
al., 2012). Although reduction of bone miner-
al density (BMD) may be the main culprit, it 
did not justify any fractures occurring in these 
patients (Porcelli et al., 2014). To further com-
plicate this issue, an additional significant risk 
of bone fractures was reported in HIV-posi-
tive patients co-infected with hepatitis viruses 
(HCV or HBV). A recent meta-analysis reported 
more frequent osteopenia/osteoporosis in HIV/
HCV-co-infected patients and the risk of bone 
fractures was greater in HIV/HCV-co-infected 
patients than in HIV-mono-infected individuals 
(O’Neill et al., 2014). In a large cohort study, the 
annual incidence of hip fractures was higher 
in patients with HIV or HCV than in the gen-
eral population, in particular in subjects with 

HIV/HCV co-infection (Lo Re et al., 2012). In 
HIV-negative patients, muscular strength re-
duction (measured by hand-grip -HG- strength 
test) was also associated with low BMD and with 
an increased risk of fractures (Lan et al., 2010, 
Marin et al., 2010). In a recent longitudinal study, 
impaired physical performance (measured as 
grip strength and walking time) and joint pain 
were reported as risk factors for multiple frac-
tures (Muraki et al., 2013). Also, in HIV-positive 
patients, lipodystrophy and reduction of muscu-
lar mass were associated with decreased mus-
cular strength and low BMD (Crawford et al., 
2013). This association was not studied in HIV/
HCV-co-infected patients, while it may well ex-
plain the incomplete justification provided by 
low BMD for the risk of fractures (Porcelli et 
al., 2014) or the greater incidence of fractures 
in these patients (either due to possible incom-
plete reconstitution of muscular strength or an 
increased risk of falling since these patients are 
predominantly intravenous drug users).
We aimed at comparing HIV-mono-infected 
with HIV/HBV/HCV-co-infected patients for 
BMD and several anthropometric and metabol-
ic parameters, exploring in particular wheth-
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er HG is correlated with BMD. Since we were 
interested in any potential effect of chronic 
hepatitis associated with either HCV or HBV 
(Schiefke et al., 2005), both patients infected by 
HCV and HBsAg chronic carriers with HIV in-
fection were studied.
A cross-sectional study was performed enroll-
ing all HIV-infected patients, either mono-in-
fected with HIV or co-infected with HCV and/
or HBsAg chronic carriers, followed at our cen-
tre. All patients underwent T-score evaluation 
(measured by ultrasound heel mineralometry, 
MOC QUS, Hologic Sahara®), HG strength test 
(by JAMAR®dinamometer), and body imped-
ance assessment (BIA, AKERN®, bodygram 
plus® software). HG test was used to measure 
muscular isometric strength of hand flexors 
muscles. Muscular strength evaluation was per-
formed on dominant hand. Dinamometer was 
composed of a hydraulic gauge, a handle (ad-
justable according to hand size) and a display 
showing peak force (in kg) achieved during the 
test. BIA vectorial analysis estimated some pa-
rameters of body composition (either in per-
centages or in kg): total body water (TBW), 
extra cellular water (ECW), intra cellular water 
(ICW), body cellular mass (BCM), fat-free mass 
(FFM), fat mass (FM), muscular mass (MM).
Non-parametric statistical analysis was per-
formed for quantitative variables expressed as 
median values (Mann-Whitney test). Chi-square 
test was performed to compare qualitative vari-
ables. Relationships among variables (CD4+ T 
cell count, HG, T-score) was assessed through 
linear regression analysis. P-value <0.05 was 
considered for statistical significance.
Twenty HIV-positive adults (75% males; median 
age 47 years, range 25-80) were evaluated. Medi-
an CD4+ T-cell count was 652/mm3 [range: 219/
mm3 to 1,223/mm3] with the lowest value (na-
dir) of 242/mm3 [range: 11/mm3 to 885/mm3]. 
Five patients (25%) had a detectable HIV-RNA. 
All patients received highly active antiretroviral 
therapy (HAART), the majority including teno-
fovir (TDF, 85% patients). Patients were ranked 
into two groups: HIV-mono-infected (n=12) and 
co-infected (n=6 with HCV -one of them being 
a HBsAg carrier-, and 2 HIV/HBV-co-infected). 
HIV-mono-infected and co-infected patients did 
not differ significantly for the main anthropo-
metric, metabolic, epidemiological and clinical 

parameters, except from T-score (standard de-
viation, SD) that was lower in the latter group 
(median: -0.9 in mono-infected [range: -1.8 to 
1.7] vs -1.5 [range: -2.4 to -0.8]; p=0.024). Even 
though differences were not statistically signifi-
cant, HIV patients co-infected with hepatitis vi-
ruses were older (median age: 47 years [range: 
38 to 80] vs 44.5 years [range: 25 to 64]), had 
higher percentages of osteopenia/osteoporosis 
(i.e., <1 SD:50% vs 33%), more frequently had 
low levels of serum vitamin D (<30 ng/ml, 37.5% 
vs 33%), and lower HG (median: 33.85 Kg 
[range: 26 to 53] vs 36 kg [range: 28 to 53]) than 
HIV mono-infected subjects. Also, MM was low-
er in co-infected patients than in HIV-mono-in-
fected subjects (median: 32.95 kg [range: 30 to 
42.1] vs 39.55 kg [range: 23.6 to 52.5 kg]).
No statistically significant correlations were 
found although signs of different relationships 
between T-score and HG were suggested in 
HIV-mono-infected with respect to co-infected 
patients (Figure 1). In fact, in mono-infected 
subjects a tendency toward a direct linear cor-
relation between HG and T-score was observed, 
while in co-infected subjects this correlation 
displayed an inverse trend, meaning that they 
were more likely to have lower HG even though 
T-score was higher (Figure 1A). In other terms, 
not only co-infected patients displayed more 
impaired BMD, but also those with better BMD 
were disadvantaged by worse HG. By contrast, 
HIV-mono-infected subjects were favoured not 
only because BMD was greater, but also be-
cause BMD and HG appeared to be consistently 
better in some patients.
Since CD4+ T-cell counts can influence the 
study variables (Grant et al., 2013), we explored 
relationships between T-score and HG by CD4+ 
T-cell count either at nadir or at current deter-
minations. T-score was always lower in co-in-
fected patients at any CD4+ T-cell count either 
at nadir (Figure 1B) or at actual determinations 
(Figure 1C). For HG, value distribution did not 
show a similar pattern (Figure 1D/E) but, inter-
estingly, a trend toward higher HG with greater 
CD4+ T-cell count was observed (Figure 1E). 
Altogether, our data confirm, for the first time 
through heel MOC QUS, that BMD is reduced in 
HIV patients co-infected with hepatitis viruses 
with respect to mono-infected individuals. This 
evidence supports the role of MOC QUS and it is 
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consistent with an increased risk of pathological 
fractures in HIV co-infected patients (Bedimo et 
al., 2012, Bedimo and Tebas 2013, Maalouf et al., 
2013, Lo Re et al., 2015). A recent study showed 
moderate correlation between MOC QUS and 
DXA parameters in HIV positive patients, par-
ticularly in HIV-positive females. MOC QUS was 
more accurate than DXA to predict risk of verte-
bral fractures (Clò et al., 2015).
The actual predictive factors for fragility frac-
tures in HIV positive patients are not fully 
known. Gender and co-infection with hepa-
titis viruses may have an important role in 
risk of bone fractures. In a recent study, HIV/
HCV-co-infected women showed a significant 
bone deficit when compared with healthy pa-
tients (Lo Re et al., 2015). Reduced HG (Lan 
et al., 2010, Marin et al., 2010, Muraki et al., 
2013) and lean mass (Iolascon et al., 2013) were 
associated with (or predictive of) fractures in 
HIV-negative individuals. Antiretroviral thera-
py and HIV infection itself may influence risk 
of fractures, bone loss and muscular strength 
(Hoy, 2011). Indeed, in HIV-positive patients 
disability and bone fragility were associated 
with reduced lean mass and reduced BMD (Er-
landson et al., 2013).

Our data suggest that co-infected patients 
have reduced HG and MM with respect to HIV 
mono-infected patients. Since no significant 
correlations between HG and T-scores were 
found in either populations, we hypothesize 
that these factors belong, at least in part, to 
independent causal pathways, so both should 
be taken into account as potential risks of fra-
gility fractures.
HIV/HCV co-infection is frequently associated 
with late (nadir CD4+ T-cell count <350 mm3) 
and very late presentation (nadir CD4+ T-cell 
count<200 mm3), reported as independent risk 
factors of low BMD (Li Vecchi et al., 2012). 
In our study, the impact of HCV on BMD was 
suggested to be irrespective from CD4+ T-cell 
count, however. Furthermore, HIV/HCV-co-in-
fected patients have more frequently intra-
venous drug use (IVDU) as a risk factor for 
HIV acquisition. As reported in a large cohort 
(Maalouf et al., 2013), patients with osteoporot-
ic fractures were more likely to be IVDUs and 
to have HIV/HCV co-infection, although alco-
hol consumption and drug abuse may interfere, 
either increasing the risk of traumatic fractures 
or increasing the risk of pathological fractures 
(Collin et al., 2009).

FIGURE 1A, 1B, 1C, 1D, 1E - HG, CD4 T cell count and T-score correlations in HIV-mono-infected (HIV, blue 
line and diamonds) and in co-infected (HIV/HBV/HCV, red line and squares) patients. P values not significant for 
any of R2. HG: hand grip (kg).
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Given the fact that both BMD and muscular 
strength are strongly linked to several factors 
other than the presence of chronic infections 
(e.g., gender, age, recreational drug use, vita-
min intake, use of specific antiviral drugs) and 
considering the cross-sectional nature of the 
study design, it is hard to draw any significant 
conclusion from the small number of patients 
included in this analysis. However, our results 
suggest that these factors should be taken into 
consideration in further longitudinal studies 
for the risk of fractures. Particularly in HIV/
HCV co-infected patients, HG could justify 
some fractures occurring in those with con-
served BMD.
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