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Abstract  
  
Background:  Hypogonadism  has  been  described   in   association  with  HIV   infection  
and  anti-­retroviral  therapy  (ART).  Furthermore,  hypogonadism  is  associated  with  co-­  

morbidity   and   a   reduced   quality   of   life.   The   prevalence   of   hypogonadism   in   HIV-­  

infected   South   African   men   is   unknown.   We   examined   the   prevalence   of  

hypogonadism  in  HIV-­infected  men  before  and  12  months  after  the  initiation  of  ART.  

  
Methods:  This   is   a   sub-­study  of   the  McHAART  Study   designed   to   investigate   the  
metabolic   complications   of   ART.   HIV-­infected   men   attending   the   Crossroad  

Community  Healthcare  Clinic  were  conveniently  sampled  prior   to  commencing  ART  

and  then  followed  for  6-­months,  12-­months  and  24-­months.  Here  we  report  on  total  

testosterone,   LH,   FSH,   SHBG   and   free   testosterone   measured   on   blood   samples  

taken  at  08h00  prior  to  initiating  ART  (baseline)  and  then  again  at  12  months  on  ART.  

  
Results:  There  were  44  patients  at  baseline  and  30  patients  at   the  12-­month  visit.  
There  were  no  participants  with  hypogonadism  at  baseline  or  after  12  months  on  ART.  

Testosterone  levels  or  change  in  testosterone  levels  were  not  associated  with  alcohol  

intake,  bone  miner  density,  body  mass   index,  waist  circumference,   fasting  glucose,  

HOMA  IR,  HOMA  β,  fasting  cholesterol  or  blood  pressure  at  baseline  or  12  months.  

  
Conclusions:   There  were  no  cases  of  hypogonadism  in  HIV-­infected  ART-­naïve  men  
and  there  were  no  cases  of  hypogonadism  in  HIV-­infected  men  on  ART  for  12  months  

in  this  study  population.   Testosterone  levels  or  change  in  testosterone  levels  were  not  

associated  with  any  measures  of  body  composition,  glucose  metabolism,  lipids  or  bone  

mineral  density.  
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CHAPTER  1:  LITERATURE  REVIEW  
  
  
INTRODUCTION  
The   Human   Immunodeficiency   Virus   (HIV)   is   a   species   of   Lentivirus   that   infects  

humans  and  was  first  identified  in  1981  in  the  United  States(1).  It  is  a  virulent  virus  that  

is  transmitted  amongst  humans  via  bodily  fluids,  most  commonly  sexually  and  by  blood  

transfusions,  but  can  also  be   transmitted  during  childbirth  and  breastfeeding   (2,  3).  

CD4   cells,   especially   T-­Helper   cells,   are   particularly   vulnerable   to   being   infected,  

resulting   in   low   levels   thereby   causing   impaired   cell-­mediated   immunity(4).   This  

predisposes   the   individual   to   a   large   number   of   opportunistic   infections,   such   as  

bacterial,  viral  and  fungal  infections  as  well  as  certain  types  of  cancer(5).    

In  communities,  at  risk  individuals  are  screened  with  an  HIV  rapid  test,  which  detects  

circulating  antibodies  to  HIV  1  and  HIV  2  antigens,  and  confirmed  by  an  HIV  ELISA,  

which  is  also  an  antibody  test  but  performed  in  a  laboratory(6).  

HIV-­infected  patients  are  treated  with  anti-­retroviral  therapy  (ART)  following  the  South  

African  Department  of  Health’s  national  guidelines  (7).  

Current   first   line   treatment   of   HIV   is   Tenofovir,   Lamivudine/Emtricitabine   and  

Dolutegravir.  Second   line   regimens  are  usually   tailored  to   the   individual  patient,  but  

can   include   Zidovudine/Tenofovir   plus   Lamivudine/Emtricitabine   plus  

Lopinavir/Ritonavir  or  Atazanavir  (8).  

Common  side-­effects  of  ART  include  (9):  

•   Tenofovir:  Most  notably  renal  failure  and  other  common  effects  are  headache,  

insomnia  nausea  and  vomiting  as  well  as  low  bone  mineral  density  

•   Lamivudine:  Pure  red  cell  aplasia  is  very  rare,  but  the  most  notable.  

•   Dolutegravir:  Weight  gain,  insomnia,  dizziness  and  headache.  

•   Lopinavir/Ritonavir:   Diarrhoea   can   be   debilitating,   abnormal   lipid   profile   in  

certain  individuals,  abnormal  glucose  metabolism  

•   Atazanavir:   Jaundice   is   very   common   and   transient,   skin   rash   and  

dysrhythmias.  

•   Efavirenz:   Dizziness,   insomnia,   lowers   seizure   threshold   and   worsening   of  

existing  mental  health  care  issues,  vitamin  D  deficiency  and  abnormal  glucose  

metabolism  

•   Zidovudine:  Headache,  anaemia,  macrocytosis.  

•   Emtricitabine:  Headache,  dizziness  and  hyperpigmentation.  
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There  are  36.9  million  people  living  with  HIV  (PLWH)  infection  worldwide.  Sub-­Saharan  

Africa  bears  the  brunt  of   this  epidemic  with  over  50%  of   those   infected   living   in   this  

region.  South  Africa  harbours  nearly  20%  of  the  global  HIV-­infected  population,  being  

about   7.7   million   individuals.   Of   these,   only   38%   are   males   over   the   age   of   15  

years(10)(9)(8).   The   roll-­out   of   ART  has   reduced   the   mortality   from   HIV-­  

infection  rendering  it  a  chronic  disease  with  many  people  now  living  with  HIV  infection  

(8).  

With  patients  living  longer  they  are  now  more  prone  to  developing  complications  from  

HIV   itself,   chronic   diseases   of   aging   (for   example,   hypertension,   diabetes,  

dyslipidaemia)  as  well  as  long-­term  complications  of  ART(11).  

  
HIV  AND  THE  ENDOCRINE  SYSTEM  
HIV   has   an   effect   on   multiple   endocrine   organs   resulting   in   a   wide   spectrum   of  

presentation  (Table  1).  These  endocrinopathies  can  be  due  to  the  direct  effect  of  HIV  

itself,  opportunistic  infections,  ART  and,  rarely,  neoplasms  (Table  1).  There  is  a  very  

complex  interaction  between  HIV  infection  and  the  endocrine  system(12).  This  ranges  

from  subtle  abnormalities  in  hormone  secretion,  transport  and  metabolism  on  the  one  

end  of  the  spectrum  to  rare  instances  of  hormonal  resistance  and  organ  failure  on  the  

other  (12).  

  
Endocrinopathies  commonly  found  in  PLWH  

1.  HIV  lipodystrophy  syndrome  

The   HIV   lipodystrophy   syndrome   is   associated   with   metabolic   derangements,  

changes   in   body   composition   and   abnormal   fat   distribution.   Although   mostly  

occurring   in   patients   on   ART   it  may   also   occur   in   ART-­naïve   patients(13).   It   is  

characterized   by   changes   in   the   distribution   of   adipose   tissue   (for   example  

peripheral  fat  loss,  truncal  obesity,  atrophy  of  facial  fat  and  breast  enlargement  in  

females)  and   is  often  associated  with   insulin  resistance,  hyperglycaemia  and  an  

abnormal  lipid  profile.  These  changes  predispose  the  individual  to  developing  the  

metabolic  syndrome  with  all   its  associated  complications,   for  example   ischaemic  

heart  disease(14,  15)  

2.   Low  bone  mineral  density  (BMD)  

People  living  with  HIV  are  also  at  increased  risk  for  low   BMD   mainly   due   to  

calcium  and  vitamin  D  imbalance(16).   Osteopenia      and      osteoporosis      are  

common   among   HIV-­infected  individuals.   The   cause   for   Vitamin   D  
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Direct  effect  
HIV  adrenalitis  and  impaired  adrenal  reserve  

Hypercortisolism  

Idiopathic  adenohypophysis  necrosis  

Hyperprolactinaemia  

Primary  hypogonadism  

Growth  Failure  

AIDS  wasting  syndrome  

Structural  damage  of  glands  
Infection  leading  to  haemorrhage  or  abscesses  in  glands  

Secondary  hypogonadism  

Drug-­related  
Insulin  resistance  and  diabetes  mellitus  

Dyslipidaemias  

Bone  mineral  and  electrolyte  disturbances  

Immune  reconstitution  syndromes  

HIV  lipodystrophy  syndrome  

Pancreatitis  

deficiency   is   multifactorial,   including  malabsorption  (HIV  enteropathy)  and  a  

side-­effect  of  ART  such  as  Tenofovir-­based  regimens,  as  well  as  Efavirenz  and  the  

protease  inhibitors  (PI).  Tenofovir-­associated  bone  loss  is  postulated  to  be  due  to  

proximal  tubular  dysfunction  in  the  kidney  causing  phosphorous  wasting  with  

resultant  increased  bone  turnover(17).   Both  Efavirenz  and  PI-­based  regimens  are  

thought  to  cause  low  BMD  by  altering  vitamin  D  metabolism.  In  South  Africa  males  

living  with  HIV  are  usually  of  lower  socioeconomic  circumstances  and   are   also  more  

prone   to   smoking   and   alcohol   abuse   which   contributes   to   low  BMD(18).  
  

Table  1:  Common  endocrinopathies  associated  with  HIV:  

  

3.  Adrenal  insufficiency  

Adrenal  insufficiency  is  frequently  found  in  PLWH  admitted  to  a  medical  ward  and  is  

more   severe   with  more   advanced   HIV   infection(19).   At   autopsy   the   adrenal   gland  

shows   features   of   both   inflammation   and   necrosis(20).   Adrenal   insufficiency   is   a  

common  finding  in  HIV-­infected  people  admitted  to  the  ward.  These  patients  usually  

present  with  fatigue  and   may  have  hyponatraemia  and  hypotension(21).  
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4. Diabetes  mellitus

The  association  of  HIV  and  diabetes  has  become  of  great  importance  as  both  are  an
economic  burden  to  our  healthcare  system,  and  often  co-­exist.  The  development  of

the  metabolic   syndrome   in   PLWH   is   multi-­factorial,   including   advancing   age,  male

gender,  longer  duration  of  HIV  infection,  low  CD4  count,  high  viral  burden,  high  body

mass  index,  greater  waist  circumference  or  waist-­  to-­  hip  ratio,  lower  socio  economic

class,  and  certain  ethnic  backgrounds  (15,  22).

In   PLWH   diabetes   is   usually   due   to   insulin   resistance   as   there   is   no   evidence   for

destruction   of   beta-­cells   or   islet   cell   autoimmunity   (23,   24).   PLWH   often   have   an

altered  body  composition  with  increased  visceral  fat  and  peripheral  fat  wasting.  The

increase   in   visceral   fat   is   thought   to   be   associated   with   a   pro-­inflammatory   state

resulting  in  high  levels  of  inflammatory  cytokines,  especially  TNF-­alpha(25).  The  high

levels  of  TNF-­alpha  are   thought   to  be   responsible   for   increasing   insulin   resistance,

thereby  causing  glucose  intolerance,  or  diabetes(25).

The  major  contributor   to  hyperglycaemia   in  PLWH  however   is   iatrogenic.  There  are

multiple  benefits  of  ART,  these  include,  viral  load  suppression,  improvement  in  CD4

count,   less  opportunistic  infections,  decreased  length  of  hospital  stay  and  an  overall

decrease  in  all-­cause  mortality,  but  ART  also  has  other  deleterious  effects  including,

insulin  resistance,  diabetes,  dyslipidaemia  and  lipodystrophy(26).

Protease  inhibitors  have  been  associated  with  the  development  of   insulin  resistance

and  diabetes  by  acutely  and  reversibly  inhibiting  GLUT4,  an  insulin-­responsive  glucose

transporter(27).   NRTI’s   have   also   been   implicated   in   causing   diabetes(28).   The

mechanism  of  NRTI-­induced  diabetes  is  thought  to  be  with  its  complex  interaction  with

DNA   polymerase,   the   enzyme   responsible   for   mitochondrial   replication.   As

mitochondria  are  dysregulated   throughout   the  body,   this   leads   to   its  various  clinical

manifestations,  including  insulin  resistance  and  diabetes(29).
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hypogonadism   is   due   to   a   disease   process   in   the  

HYPOGONADISM  
Hypogonadism  is  a  clinical  syndrome  resulting  from  low  levels  of  sex  steroids.  In  men  

a  low  testosterone  level  could  be  due  to  a  testicular  problem  or  as  a  consequence  of  

disruption  of  the  hypothalamic-­pituitary-­testicular  axis(30).  To  confirm  a  diagnosis  of  

hypogonadism  an  early  morning   (08h00)   testosterone   level   is   required   to   be  below  

the   lower   level   of   normal  for  the  specific  assay  being  used.   For  adults  (over  18  

years  of  age)  there  is  no  validation  of  age-­specific  reference  ranges  for  testosterone  

and  these  are  not  used  clinically.  Primary  hypogonadism  is  due  to  testicular  disease  

and  secondary  (hypogonadotropic)  hypothalamus   or   pituitary   gland   (Table   2).   To  

distinguishing   between   primary   and  secondary  hypogonadism  measurement  of  the  

serum  gonadotrophins  (LH  and  FSH)  is  needed.  In  primary  hypogonadism,  LH  is  

elevated  due  to  loss  of  negative  feedback  inhibition   due   to   low   testosterone   levels,  

whilst   in   secondary  hypogonadism,   LH   is  inappropriately  normal  or   low(30).   An  

acute   illness  may  cause  transient  secondary  hypogonadism,  the  sick  gonadotroph  

syndrome,  so  men  should  not  be  investigated  for  hypogonadism  until  an  inter-­current  

illness  has  resolved.  Testosterone  circulates  in  the  blood  bound  to  SHBG  or  as  

biologically  free  active  testosterone(31).  It  is  not  clinically  practical  to  measure  free  

testosterone  as  the  methods  are  labour  intensive  and  expensive.  Measuring  the  

bound  testosterone  has  its  own  limitations  as  it  is  affected  by  many  variables  for  

example:  HIV  infection,  obesity,  insulin  resistance  and  diabetes  as  well  as  certain  

medications(32).  

Sex-­hormone  binding  globulin  (SHBG),  is  produced  in  the  liver  and  tightly  binds  

oestrogen,  dihydrotestosterone  and  testosterone.    

Several  chronic  and  systemic  diseases,  for  example,  chronic  kidney  disease,  cirrhosis,  

chronic  lung  disease  and  HIV  infection  may  cause  hypogonadism  by  a  combination  of  

primary   and   secondary   effects.   This   is   referred   to   as   the   “sick   gonadotroph  

syndrome”(33).  

In  men  living  with  HIV  (MLWH),  early  studies  suggested  that  primary  hypogonadism  

was  more  prevalent  due  to  the  direct  effect  of  HIV  on  the  germinal  epithelium,  while  

others  suggested  that  the  aetiology  lies  more  in  the  higher  centres  causing  secondary  

hypogonadism(34).   The   cause   of   the   abnormality   in   the   hypothalamic-­pituitary-­  

gonadal  axis  might  be  explained  by  chronic  HIV  infection  itself,  poor  health  status  of  

the   patient,   increased   visceral   adiposity,   opportunistic   infections   or   the   use   of  
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antiretroviral  medication(30,  35).  
  

Table  2.  Causes  of  primary  and  secondary  hypogonadism:  

  

MLWH   generally   have   a   lower   testosterone   level   than   men   without   HIV   infection,  

however,  the  levels  of  serum  LH  and  FSH  may  be  variable(30).  Inflammatory  cytokines  

are  thought  to  cause  endocrine  dysfunction  which  can  contribute  to  the  symptoms  of  

loss  of  weight,  fatigue  and  poor  quality  of  life(36).  This  is  applicable  to  PLWH  as  they  

are  often  chronically  ill  and  with  a  decline  in  their  CD4  counts  they  are  susceptible  to  

a   multitude   of   opportunistic   infections.   Hypogonadism   has   multiple   symptoms,  

including  erectile  dysfunction,   infertility,  decreased  body  and  facial  hair,  decrease   in  

muscle   mass,   loss   of   bone   mass,   fatigue,   difficulty   in   concentrating   and   overall  

decrease  in  quality  of   life.  However,  these  symptoms  may  be  easily  missed  as  they  

are   non-­specific   and  may  mimic   the   symptoms   of   advanced  HIV   infection   such   as  

fatigue,  psychosocial  problems  and  loss  of  weight.  In  addition,  MLWH  are  likely  to  be  

on  a  variety  of  medications  with  several  potential  side  effects.  The   initiation  of  ART  

may  restore  testosterone  levels  into  the  normal  range,  but  protease  inhibitors  may  be  

associated  with  sexual  dysfunction,  independent  of  the  testosterone  level(35).  

Primary  (Hypergonadotropic)  
Klinefelter’s  Syndrome  

XX  males  

XY/XO  mixed  gonadal  dysgenesis  

XYY  Syndrome  

Myotonic  dystrophy  

Enzymatic   defects   in   testosterone  
biosynthesis  

Disorders  of  sexual  development  

Viral  Orchitis  

Cryptorchidism  

Polyglandular  autoimmune  disease  
Testicular  trauma  

Testicular   tumour,   chemotherapy   or  

irradiation  

Congenital  or  acquired  anorchia  

Secondary  (Hypogonadotropic)  
Panhypopituitarism  

Hyperprolactinaemia  

Isolated  gonadotrophin  deficiency  

Kalman  syndrome  and  variants  

Congenital   hypogonadotropic  

hypogonadism  

Isolated  LH  or  FSH  deficiency  

Prader-­Willi  Syndrome  

Laurence-­Moon-­Biedl  syndrome  

Severe  systemic  illness  

Haemochromatosis  
Morbid  obesity  

Nutritional  deficiency  or  starvation  

Constitutional  delay  of  puberty  
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The  clinical  consequences  of  prolonged  hypogonadism  are  diverse  and   include  the  

following:  
1. Emotional:  Depression,  low  self-­esteem  and  poor  concentration.

2. General:  Loss  of  libido,  hot  flushes,  palpitations,  abdominal  obesity  and

anaemia.

3. Reproductive:  Subfertility,  erectile  dysfunction  and  sexual  dysfunction.

More   severe   complications   include,   osteoporosis   (causing   fractures   and   debility),  
insulin   resistance,   raised   lipids   and   loss   of   muscle   bulk   (sarcopenia).   These  

complications   can   increase   the   risk   for   CVD   in   PLWH.   Since   hypogonadism   has  

detrimental  effects  on  the  long-­term  health,  quality  of  life  and  longevity  it  is  important  

that  HIV-­infected  men  are  tested  for  the  presence  of  hypogonadism.  

Currently   for   men   with   hypogonadism   there   is   a   number   of   potential   benefits   with  

testosterone  replacement  therapy.  This  includes  improvement  in  the  following:  muscle  

bulk,   mood   symptoms,   libido,   erectile   dysfunction   and   body   composition(37).   The  

benefit  of  testosterone  therapy  must  be  weighed  against  potential  side  effects.  Some  

adverse   effects   include,   acne,   erythrocytosis,   elevation   of   PSA   with   worsening   of  

prostate  conditions  and  worsening  of  obstructive  sleep  apnoea(37).  A  large  number  of  

different   formulations   for   testosterone   replacement  are  currently  available,   including  

injectables,   gels,   transdermal   patches   and   implants(38).   Little   is   known   about  

managing   hypogonadism   in   MLWH,   but   some   studies   have   shown   that   using  

intramuscular   depot   testosterone   for   short   courses   does   improve  mood,   libido   and  

overall  well-­being(39).  

Literature  
There  is  a  lack  of  data  indicating  the  prevalence  of  hypogonadism  in  MLWH.   This  
is   largely   due   to   the   lack   of   validated  methods   and   standardization   in   approach   to  

research   and   results.   Studies   from   high-­income   countries   demonstrate   a   variable  

prevalence  (12,5%-­  54%)  of  hypogonadism   in  MLWH,  however,  data   from   low-­  and  

middle-­income   countries   is   sparse,   with   little   data   from   sub-­Saharan   Africa,   the  

epicentre  of   the  HIV  epidemic.   Aggarwal  et  al   (2015)   found  gonadal   dysfunction   to  

be   the   most   prevalent   endocrine   abnormality   followed   by   thyroid   and   adrenal  

dysfunction   (40).   Dutta   et   al   (2015)   concluded   that   hypogonadism   was   a   frequent  

occurrence   in   MLWH,   affecting   around   39%   of   their   study   population,   with   most  

cases   found   to   have   hypogonadotropic   hypogonadism(41).   Pongener   et   al   (2019)  

reported  a  prevalence  of  hypogonadism  of  23.3%  (20/120  patients)  with  85.7%  shown  
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to   have   hypogonadotropic   hypogonadism.   They   showed   a   significant   association  

between   hypogonadism   and   CD4   count   but   found   no   association   with   BMI   and  

duration   of   ART   (42).   Lachatre   et   al   (2017)   reported   in   their   study   of   113   French  

MLWH   on   ART   for   6   months   that   1   in   6   men   had   hypogonadism   (43).   Similarly,  

Gomes   et   al   (2016)   showed   a   high   prevalence   (29.4%)   of   hypogonadism   in  

Portuguese  MLWH,  the  majority  of  which  were  also  shown  to  have  hypogonadotrophic  

hypogonadism(30).  Wunder  et  al  (2007)  reported  that  70%  of  their  cohort  of  139  ART-­

naive   Swiss   MLWH   had   below-­  normal   levels   of   free   testosterone,   which   did   not  

improve  on  2  years  of  anti-­retroviral  therapy  (44).  

In  stark  contrast  to  these  studies,  Dube  et  al  (2007)  reported  a  low  (6%)  prevalence  of  

hypogonadism   in   American  MLWH   and   also   showed   that   their   testosterone   levels  

improved  on  ART,  especially  in  patients  who  received  lamivudine  and  zidovudine  in  

comparison   with   patients   who   received   stavudine   and   didanosine   (45).   Dobs  et   al  

(1988)  showed  that  50%  of  their  cohort  of  70  MLWH  who  were  classified  as  having  

AIDS   were   found   to   be   hypogonadal,   with   75%   having   hypogonadotropic  

hypogonadism(46).  

Data   from   sub-­Saharan   Africa   remains   sparse,   essentially   represented   by   a   single  

report   from  South  Africa  that  was   presented  in  2000  at  a  HIV  Congress  held  in  Durban  

(47).  Deystanik  et  al  (2000)  conducted  a  retrospective  chart  review  on  88  MLWH  who  

had   been   on   ART   for   at   least   six   months   and   reported   a   20%   prevalence   of  

hypogonadism(47).  
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Chapter  2:  Aims  and  Hypothesis  
  
  
AIMS  
1.   To  determine  the  prevalence  of  hypogonadism  in  HIV  -­  infected  men  prior  to  

and  12  months  after  initiating  anti-­retroviral  therapy.  

  
2.   To  investigate  the  association  between  testosterone  levels  and  metabolic  

variables  such  as  glucose  metabolism  and  lipid  changes  in  HIV-­infected  men  

prior  to  and  12-­months  after  initiating  anti-­retroviral  therapy  

  
3.   To  investigate  the  association  between  testosterone  levels  and  changes  in  body  

composition   of   HIV-­infected  men   prior   to   and   12-­months   after   initiating   anti-­  

retroviral  therapy.  

  
4.   To  investigate  the  association  between  testosterone  levels  and  changes  in  

bone  density  in  HIV-­infected  men  prior  to  and  12-­months  after  initiating  anti-­  

retroviral  therapy.  

  
  
  
HYPOTHESIS  
HIV-­infected  men  will  have  a  high  prevalence  of  hypogonadism  which  will  result  in  an  

increased  risk  for  elevated  body  mass  index,  metabolic  derangement,  low  bone  

mineral  density  and  a  decrease  in  quality  of  life.  
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Background  
HIV   is  a   global  pandemic  with  South  Africa  at   the  epicentre.   HIV-­infection   and   its  

associated   co-­morbidities   remains   a  major   contributor   to  morbidity   and  mortality   of  

South   Africans.   Hypogonadism   has   been   described   amongst   HIV-­infected   men,  

however,  most  of  the  current  data  is  from  developed  countries  with  the  prevalence  of  

hypogonadism  differing  widely  amongst   these   studies.   Data   from   sub-­Saharan  

Africa   remains   sparse   with   only   one   abstract   describing   the   prevalence   of  

hypogonadism  in  HIV-­infected  men  to  be  around  20%  (47).   Since  hypogonadism  can  

contribute  to  morbidity  and  reduced  quality  of  life  in  HIV-­infected  men  the  aim  of  this  

study  was  to  assess  the  prevalence  and  predictors  of  hypogonadism  in  HIV-­infected  

men   and   its   association   with   body   composition,   metabolic   derangement   and   bone  

mineral   density   (BMD).   This   data   will   help   inform   screening   and   management  

protocols.  

  
Methods  
This   is  a   sub-­study  of   a  parent   study,   the  McHAART  Study,  which  was  a   two-­year  

longitudinal   study   assessing   the   mechanisms   and   risks   for   the   development   of  

metabolic   abnormalities   in   a   cohort   of   HIV-­infected   patients   receiving   ART.   In   this  

study  a  longitudinal  assessment  of  body  composition  [anthropometric  measures  and  

dual-­energy  X-­ray  absorptiometry  (DEXA)]  and  BMD  was  also  done.  

  
a)   Brief  description  of  the  study  design  and  methods  of  the  parent  study:  

A  prospective  longitudinal  two-­year  cohort  study  of  ambulatory  HIV-­infected  subjects  

enrolled   in  a  community  HIV   treatment  program.  HIV-­infected  patients  commencing  

ART  were   conveniently   sampled   from   clinic   lists   at   Crossroads  Community   Health  

Care  Centre  in  Cape  Town.  

Inclusion  criteria:  age  >  18  years,  antiretroviral  therapy  -­naïve,  able  to  provide  informed  

consent,   no   past   history   of   diabetes   or   dyslipidaemia,   not   taking   corticosteroids   or  

statins  

Exclusion   criteria:   any   acute   opportunistic   infection,   <   1   month   of   anti-­tuberculous  

therapy,  renal  failure  or  liver  failure  

Patients   satisfying   inclusion   (and   exclusion)   criteria   and   providing  written   informed  

consent  were  assessed  at  baseline  and  then  again  at  3,  6,  12,  18  and  24  months  after  

the  commencement  of  ART.  



20  
  

The  following  assessments  were  done  at  each  time-­point:  

1)   a  field  worker-­administered  questionnaire  (known  diabetes  risk  factors,  level  of  

physical  activity,  history  of  prior   illness,  socioeconomic   factors,  quality  of   life,  

nutrition,  smoking,  drugs  and  toxins)  

2)   clinical  records  were  reviewed  to  provide  all  prior  information  on  weight,  CD4  

count,  viral   load,  antiretroviral   therapy  regimens,  and  any  associated  medical  

data  

3)   oral  glucose  tolerance  test  (OGTT)  with  glucose  and  insulin  at  0,  30,  90  and  120  

mins.   These   values   were   used   to   provide   a   measure   of   insulin   resistance  

(HOMA-­IR)  and  β-­cell  function  (IGI  and  OGIS).  

4)   measurement   of   total   cholesterol,   low  density   lipoprotein   (LDL),   high   density  

lipoprotein  (HDL),  triglyceride  (TG),  LDL  particle  size,  lactate,  TSH,  T4,  T3.  

5)   anthropometry   -­  weight,  height,  waist  circumference,  hip  circumference,  mid-­  

upper   arm   circumference,   mid-­thigh   circumference,   calf   circumference   and  

sagittal  height  were  measured  using  standardized  procedures  

6)   body  composition  was  measured  using  dual-­energy  x-­ray  absorptiometry.  
  
  

b)   Brief  description  of  the  study  design  and  methods  of  the  current  study:  
1.   All  men  recruited  into  the  parent  study  were  included  in  this  study  

2.   Blood   samples   taken   at   08h00-­09h00   after   an   overnight   fast   (10-­12h)   from  

these  participants   (stored  at   -­80oC)  at  baseline  and  12-­months   after   initiating  

ART  were  used   to  measure   testosterone,   follicle   stimulating   hormone   (FSH)  

and   luteinizing   hormone   (LH).   Serum   samples   were   run   with   an   automated  

analyser   through   a   Roche   Cobas   e601   machine   and   analysed   via  

immunoassay.  

3.   Other  variables  included  in  the  analyses  were:    

a.   CD4  count  

b.   Body  composition:  Basic  anthropometric  measurements,  including  weight,  

height  and  waist   (at   the   level  of   the  umbilicus),  hip   (largest  gluteal  area)  

and   calf   (mid-­calf)   circumferences   were   taken.   All   measurements   were  

taken   twice   and   recorded   to   nearest   0.1   cm  using  a   flexible,   non-­elastic  

tape,  approximately  0.7  cm  wide.  

c.   Bone   density:   Dual-­energy   X-­ray   absorptiometry   (DEXA)   (Hologic  

Discovery-­W,  software  version  12.7;;  scan  region  195  x  65  cm2  and  weight  
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limit  160kg).  

d.   Fasting    blood  samples:  In  the  morning  (08h00-­  09h00),  after  an  overnight  

fast  (10-­12h),  an  indwelling  cannula  was  inserted  into  the  antecubital  vein.  

Venous  blood  samples   (10ml)  were  drawn  at  0  min,  30  min  and  120  min  

after   the   participants   ingested   75   g   glucose   in   250  ml   water.   Specimens  

were  centrifuged  on  the  day  of  collection  and  plasma  samples  for  glucose  

analysis  were  stored  at   -­200C  while  serum  samples  were  stored  at   -­800C  

until   analysed   further.   Glucose,   insulin,   total   cholesterol   (TC)   and  

triglycerides  were  measured  by  enzymatic  colorimetry  on  the  Cobas  6000  

autoanalyzer   (Roche,   Switzerland).   HDL   cholesterol   (HDCL)   was  

measured  using  a  direct  method  (Roche  HDLC3  assay,  Switzerland).  LDL  

cholesterol  (LDLC)  was  calculated  using  the  Friedewald  formula,  provided  

triglycerides  were  less  than  4.5mmo/L.  

e.   Blood  pressure:  Blood  pressure  was  measured  3  times  at  1-­min  intervals  in  

each   subject   using   an   appropriately   sized   cuff   and   a   calibrated  

sphygmomanometer  after  at  least  20min  of  seated  rest.  An  average  of  the  

last  2  readings  will  be  used  in  the  analyses.    

  
Study  Population  
All  men  over   the  age  of  18  years,  who  were  HIV-­infected  and  had  given  written  

informed  consent  for  the  parent  study  were  included  in  this  study.  

  
Statistical  analysis  
Descriptive   statistics   were   means   and   standard   deviations   for   normally   distributed  

data   and   median   and   interquartile   range   (IQR)   for   non-­normally   distributed   data.  

Pearson   correlation   assessed  the   relationship  between  baseline   testosterone   levels  

and  all  other  variables  (at  0,  3,  6  and  12  months),  and  between  change  in  testosterone  

(from  baseline  to  12-­  months)  and  all  variables  at  12  months  (Bonferroni  corrected  p-­

value   =0.010).   Independent   sample   t-­tests   compared   baseline   testosterone   levels  

and  change  in  testosterone  levels  for  the  variable’s:  smoker  and  ART.  

  
Results  
The  study  population  consisted  of  44  participants.    Of  these  44  participants,  30  were  
available  for  review  at  12  months.   The  reasons  for  14  participants  not  being  available  
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for  follow-­up  included  lost  to  follow  up,  relocation  to  another  area  and  death.  

There  was  no  significant  difference  in  baseline  characteristics  in  participants  who  had  

blood   samples   at   baseline   and   12-­months  when   compared   to   those   with   samples  

only  at  baseline.  

Patient  characteristics  

The  patient  characteristics  at  baseline  and  at  12-­  months  are  described  in  Table  3.  

The  average  age  of  our  participants  was  36.1  ±  9.2  years  with  most  participants  being  

smokers  (n=35,  79.5%).   Baseline  CD4   counts  were  149  ±  66.5  cells/mm3  with  an  

average  viral   load  of  4522.2  copies/ml.   None  were  on  ART  at  baseline  and  at  12  

months  all  were  established  on  ART.  

At  baseline  body  composition  measurements  were  waist  circumference  78.8  ±  7.1  cm,  

waist:  hip  ratio  1.0  ±  0.1,  calf  skinfold  thickness  6.5  cm  ±  3  cm  and  BMI  were  21.4  ±  
2.8  kg/m2.   At  12  months  body  composition  measurements  were  waist  circumference  

81.5  ±  7.7  cm,  waist:  hip  ratio  0.90  ±  0.07,  calf  skinfold  thickness  7.2  ±  3.5  cm  and  BMI  

were  22.6  ±  2.5  kg/m2.  

Systolic  blood  pressure  was  121  ±  14.5  mmHg  at  baseline  and  123.1  ±  11.0  mmHg  at  

12  months.  Diastolic  blood  pressure  on  the  other  hand  was  76.5  ±  11.1  mmHg  and  

74.6  ±  7.6  mmHg  at  baseline  and  12  months,  respectively.  

The  fasting  glucose  at  baseline  was  4.7  ±  0.50  mmol/L  whilst  the  2-­hour  glucose  value  

after  an  OGTT  was  5.3  ±  1.2  mmol/L.   At  12  months  the  mean  fasting  glucose  was  4.9  

±  0.5  mmol/L  and  the  2-­hour  glucose  after  an  OGTT  was  5.5  ±  1.6  mmol/L.   HOMA-­IR  

was  0.88  ±  0.68  at  baseline  and  1.03  ±  0.8  at  12  months.  

At  baseline  the  total  cholesterol  was  3.57  ±  0.70  mmol/L,  triglycerides  were  0.94  ±  0.35  

mmol/L,  HDL  was  0.92  ±  0.31  mmol/L  and  LDL  cholesterol  was  2.21  ±  0.61  mmol/L.  

At  12  months  the  total  cholesterol  was  4.40  ±  0.87  mmol/L,  triglycerides  were  1.18  ±  

1.17  mmol/L,  HDL  was  1.46  ±  0.50  mmol/L  and  the  LDL  cholesterol  was  2.39  ±  0.75  

mmol/L.  

Testosterone  levels  

Testosterone  and  gonadotroph  levels  of  the  participants  at  baseline  and  at  12-­months  

are  described  in  Table  4.  

At  baseline   the  mean   level  of   testosterone  was  23.65  ±  7.7  nmol/L   (normal:  10.4  –  

32.6)  and  the  mean  levels  of  LH  and  FSH  were  7.64  ±  3.7  IU/L  (normal:  1.93  –  9.7)  
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and  7.95  ±  6.2  IU/L  (normal:  2.04  –  12.4),  respectively.  After  12  months  on  ART  there  

was  no  significant  change  with  the  mean  levels  of  testosterone  23.84  ±  5.60  nmol/L,  

LH  6.71  ±  2.49  IU/L  and  FSH  5.74  ±  3.2  IU/L.  The  levels  of  free  testosterone  were  also  

normal  at  baseline  [0.34  ±  0.12  pmol/L  (normal:  0.06  –  1.08)]  and  at  12  months  [0.36  

±  0.08  pmol/L].  
No  participants  were  found  to  have  hypogonadism  at  baseline  or  at  12  months.  

All  participants  had  normal  LH  and  FSH  values.  
  
Association  between  testosterone  levels  and  body  composition,  glucose  metabolism,  

lipids  and  blood  pressure  

The  association  between  levels  of  testosterone  and  change  in  levels  of  testosterone  

with  body  composition,  glucose  metabolism,  lipids  and  blood  pressure  are  described  

in  Table  5  and  Table  6  

There  was  no  significant  association  between  levels  of  testosterone  or  change  in  levels  

of  testosterone  with  any  measure  of  body  composition,  glucose  metabolism,  lipids  or  

blood  pressure.  

  
Bone  mineral  density  

Results  of  the  bone  mineral  density  measurements  by  DEXA  are  described  in  Table  7.  

At  baseline   the  BMC  and  BMD  at  L1-­L4  was  65.2  ±  12.6  g   and  0.96  ±  0.14  g/cm2,  at    

left  hip  it  was  41.69  ±  8.0  g  and  1.01  ±  0.14  g/cm2  and  at  the  right  hip  it  was  41.26  ±  7.8  

g  and  1.00  ±  0.15  g/cm2.  

At  12  months  the  BMC  and  BMD  at  L1-­L4  was  66.5  ±  12.0  g  and  0.98  ±  0.13  g/cm2,  at  

the  left  hip  it  was  41.47  ±  8.41g  and  1.00  ±  0.15  g/cm2  and  at  the  right  hip  it  was  41.50  ±  

7.85  g  and  1.00  ±  0.15  g/cm2.  

  

Association  between  testosterone  levels  and  bone  mineral  density  

The  association  between  levels  of  testosterone  and  change  in  levels  of  testosterone  
with  measures  of  bone  mineral  density  are  described  Table  8  and  Table  9.  

There   was   no   association   between   levels   of   testosterone   and   change   in   levels   of  

testosterone  with  bone  mineral  content  or  bone  mineral  density.  

  
Discussion  
This   is   the   first   longitudinal  study   in  South  Africa  and  sub-­Saharan  Africa   to  assess  
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hypogonadism  in  HIV-­infected  men.  In  this  cohort  of  HIV-­infected  men  there  were  no  

participants  with  hypogonadism  at  baseline  or  after  12  months  on  ART.   In  addition,  

there   was   no   association   between   levels   of   testosterone   or   change   in   levels   of  

testosterone  with  body  composition,  glucose  metabolism,  lipids  and  measures  of  bone  

mineral  density.  

  
Since  all  of  the  participants  commenced  ART  at  a  CD4  count  <  200  cells/mm3  and  had  

lost  weight  it  was  expected  that  a  significant  proportion  may  have  a  low  testosterone  

level  due  to  the  sick  gonadotroph  syndrome.  However,  surprisingly,  in  this  cohort  and  

despite  being   ill  all  participants  had  a  normal   total   testosterone   level,  a  normal   free  

testosterone  level  (calculated),  normal  gonadotrophs  and  there  were  no  participants  

identified   with   hypogonadism   at   baseline.   This   is   in   contrast   to   data   from   the  

developed  world  where  studies  report  an  increased  risk  of  developing  hypogonadism  

in  MLWH.(12,  48).  As  an  example,  a  study  of  70  HIV-­infected  men  from  The  Johns  

Hopkins   Hospital   outpatient   research   centre,   reports   a   50%   prevalence   of  

hypogonadism(49).   Depending   on   the   numbers   of   participants   in   a   study   and   the  

geographic  area   the  prevalence  of  hypogonadism   in  MLWH  does  vary  quite  widely  

from  6%  to  >  50%  (41)  (43).  A  single  unpublished  report  from  South  Africa  describes  

a  prevalence  of  hypogonadism  of  20%  (47).  

  
After   initiating  ART  all   participants   experienced  an   increase   in   their  BMI   and  waist  

circumference   signifying   improved  health   and  a   return   towards   their   baseline.   This  

was  also  associated  with  an  improvement  in  their  CD4  count  and  their  quality  of   life  

scores.  All   this  points   to   them  being   ill  prior  to   initiating  ART  yet  no  participant  had  

hypogonadism.   At   the   12-­month   assessment   all   participants   had   a   normal   total  

testosterone  level,  a  normal  free  testosterone  level  (calculated),  normal  gonadotrophs  

and  there  were  no  participants  identified  with  hypogonadism  at  after  12  months  of  ART.  

  
It   is  possible  that  a  percentage  of  the  14  participants  not  available  for  the  12-­month  

follow-­up  may   have   had   hypogonadism.   However,   this   group   of   14   participants   at  

baseline  were   not   significantly   different   from   the  group  of   30   participants   that  were  

available  for  the  12-­month  follow-­up.  

  
Since  no  participant  had  hypogonadism  we  sought  to  assess  the  association  between  

levels  of  testosterone  or  change  in  levels  of  testosterone  with  various  outcomes  shown  
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to  be  associated  with  hypogonadism,  namely  body  composition,  metabolic  variables  

such   as   glucose   and   cholesterol,   and   bone   mineral   density.   Again,   no   significant  

association   was   shown   between   levels   of   testosterone   or   change   in   levels   of  

testosterone  with  body  mass   index,  waist  circumference,  glucose  metabolism,   lipids  

and  measures  of  bone  mineral  content  and  bone  mineral  density.  

  

Limitations  and  strengths  
This  study  has  several  limitations.  Firstly,  the  sample  size  is  small  compared  to  other  

studies.  The  HIV  pandemic  in  sub-­Saharan  Africa  predominantly  affects  women  and  it  

is   often   difficult   to   gain   consent   from   men   to   enrol   in   studies.   Although   32%   of  

participants  were  not  available   for   follow-­up  this  seems   to  be  consistent  with  many  

longitudinal  studies,  especially  those  from  South  Africa,  where  participants  are  quite  

mobile   in  search  of  employment  opportunities.  However,  despite   this  dropout   rate   it  

remains   significant   that   none   of   our   patients   had   hypogonadism   at   baseline   even  

though  they  had  advanced  HIV  infection  with  a  mean  CD4  count  of  149  cells/mm3  and  

a  low  BMI  of  21,4kg/m2.  

The  strength  of  this  study  is  its  longitudinal  design  and  that  it  is  the  first  report  on  

hypogonadism  in  MLWH  in  South  Africa.  This  study  can  serves  as  a  pilot  study  to  

design  a  larger  longitudinal  study  to  assess  many  of  the  potential  endocrine  

abnormalities  that  may  occur  in  MLWH.  
  

Conclusion  
In   this   longitudinal   study   of   hypogonadism   in   MLWH,   the   first   in   South   Africa,   no  

participants  were  found  to  have  hypogonadism.  In  addition,  levels  of  testosterone  or  

change   in   levels   of   testosterone   were   not   significantly   associated   with   body  

composition,  glucose  metabolism,  lipids  or  any  measure  of  bone  mineral  density.   This  

study  serves  as  a  pilot  study  showing  that  future  studies  assessing  hypogonadism  in  

MLWH  need  to  be  adequately  powered  in  order  to  definitively  show  the  true  prevalence  

of  hypogonadism  in  MLWH  or  the  association  between  levels  of  testosterone  with  body  

composition,  metabolic  variables  and  bone  mineral  density.  
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Table  1:  Patient  Characteristics  at  baseline  and  at  12-­months  
  

 Baseline   12  months  
 (n=44)   (n=30)  

Age  (in  years)   35.5  (28.25,  42.50)     

Smoker   35  (79.5)     
       

BMI  (kg/m2)   21.4  ±  2.8   22.6  ±  2.5  

CD  4  count  (cells/mm3)   149.5  ±  66.5   248.8  ±  99.8  

ART  (number  of  patients  on  treatment)  

Zidovudine  (AZT)  

Stavudine  (D4T)  

Lamivudine  (3TC)  

Efavirenz  

Nevirapine  

Lopinavir/Ritonavir  
Tenofovir  

  
0  
0  

0  

0  

0  

0  

0  

  
1  
29  

41  

24  

17  

0  

11  

Viral  load  (copies/ml)   4522.1931   -­  

Waist  circumference  (cm)   78.8  ±  7.1   80.0  (75.0,  86.0)  

Waist:  hip  ratio   1  ±  0.1   0.88  (0.85,  0.94)  

Calf  circumference  (cm)   33  ±  2.3   -­  

Calf  skinfold  thickness  (mm)   5.20  (4.60,  7.80)   7.2  ±  3.5  

SBP  (mmHg)   119  (111,  133)   123.1  ±  11.0  

DBP  (mmHg)   76.5  ±  11.1   74.6  ±  7.6  

Fasting  glucose  (mmol/L)   4.7  ±  0.50   4.9  ±  0.5  

2-­hour  glucose  (mmol/L)   5.40  (4.60,  6.40)   5.5  ±  1.6  

Fasting  insulin  (pmol/L)   4.0  ±  2.9   -­  

HOMA-­IR**   0.85  (0.36,  1.25)   1.03  ±  0.8  

Total  cholesterol  (mmol/L)   3.63  (2.96,  4.11)   4.4  ±  0.87  

Triglycerides  (mmol/L)   0.94  ±  0.35   1.18  ±  1.17  

HDL  (mmol/L)   0.92  ±  0.31   1.29  (1.04,  1.79)  

LDL  (mmol/L)   2.21  ±  0.61   2.39  ±  0.75  

**(Glucose  x  insulin)/22.5  

BMI-­Body   mass   index;;   HOMA   IR-­Homeostatic   Model   Assessment   for   Insulin   Resistance;;  
TC-­Total  cholesterol;;  TG-­Triglycerides;;  HDL-­High  density  lipoproteins;;  LDL-­  Low  density  
lipoproteins;;  SBP-­Systolic  blood  pressure;;  DBP-­  Diastolic  blood  pressure  
All  values  are  mean  ± standard  deviation  or  median  (IQR)  
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Table  2:  Testosterone  and  gonadotroph  levels  at  baseline  and  at  12  months  
  
  

 Baseline   12-­months   Normal  range  
 n=44   n=30    

FSH  (IU/L)   7.95  ±  6.20   5.74  ±  3.20   2.04  -­12.4  

LH  (IU/L)   7.64  ±  3.70   6.71  ±  2.49   1.93  -­  9.7  

Total  testosterone  (nmol/L)   23.65  ±  7.70   22.30  (19.60,  
26.60)  

10.4  -­  32.6  

SHBG  (nmol/L)   51.62  ±  30.82   50.06  ±  25.01   13.5  -­  57.4  

Free  testosterone  (pmol/L)   0.34  ±  0.12   0.36  ±  0.08   0.06-­  1.08  
FSH-­  Follicle  stimulating  hormone;;  LH-­  Luteinizing  hormone;;  SHBG-­  Sex  hormone  binding  globulin  All  
values  are  mean  ± standard  deviation  or  median  (IQR)  
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Table   3:   Pearson   correlation   between   baseline  
testosterone   levels   and   body   composition,   glucose  
metabolism,  lipids  and  blood  pressure  at  baseline  and  
at  12  months  

  

Characteristic   Baseline   12  months  

 p   r   p   r  
BMI   0.114   -­0.244   0.412   -­0.161  

Waist   0.192   -­0.203   0.698   -­0.077  

Waist:  hip   0.434   -­0.122   0.985   -­0.004  

Calf  skinfold   0.910   -­0.018   0.948   0.13  

Fasting  glucose   0.007   0.409   0.289   0.193  

2-­hour  glucose   0.874   0.025   0.714   -­0.067  

Fasting  insulin   0.112   0.249   N/A   N/A  

HOMA  IR   0.068   0.284   0.683   0.075  

TC   0.931   0.014   0.293   -­0.192  

TG   0.128   -­0.239   0.096   -­0.299  

HDL   0.979   -­0.004   0.919   0.019  

LDL   0.614   0.080   0.903   -­0.022  

SBP   0.716   -­0.057   0.324   0.190  

DBP   0.310   -­0.159   0.552   -­0.115  

BMI-­  Body  mass   index;;  HOMA  IR-­  Homeostatic  model  assessment  
for  insulin  resistance;;  TC-­  Total  cholesterol;;  TG-­  Triglycerides;;  HDL-­  
High   density   lipoproteins;;   LDL-­   Low   density   lipoproteins;;   SBP-­  
Systolic  blood  pressure;;  DBP-­  Diastolic  blood  pressure  
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Table   4:   Pearson   correlation   between   change   in  
levels   of   testosterone   and   body   composition,  
glucose  metabolism,  lipids  and  blood  pressure  at  
12  months  

  
Characteristic   Change  at  12  months  

 p   r  

BMI   0.978   -­0.005  

Waist   0.698   -­0.077  

Waist:  hip   0.661   0.087  

Calf  skinfold   0.359   -­0.180  

Fasting  glucose   0.151   -­0.269  

2-­hour  glucose   0.968   0.008  

Fasting  insulin   N/A   N/A  

HOMA  IR   0.152   -­0.268  

TC   0.526   0.121  

TG   0.473   0.136  

HDL   0.687   -­0.077  

LDL   0.635   0.090  

SBP   0.992   -­0.002  

DBP   0.403   0.161  

BMI-­Body   mass   index;;   HOMA   IR-­Homeostatic   model  
assessment   for   insulin   resistance;;   TC-­   Total   cholesterol;;   TG-­  
Triglycerides;;  HDL-­  High  density  lipoproteins;;  LDL-­  Low  density  
lipoproteins;;  SBP-­  Systolic  blood  pressure;;  DBP-­  Diastolic  blood  
pressure  
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 0  months   12  months  
n   40   28  

L1-­L4  BMC   65.2  ±  12.6   66.5  ±  12.0  

L1-­L4  BMD   0.96  ±  0.14   0.98  ±  0.13  

L  neck  BMC   4.62  (4.19,  5.27)   4.71  (4.26,  5.29)  

L  neck  BMD   0.85  (0.78,  0.97)   0.85  (0.79,  0.94)  

L  HTOT  BMC   41.69  ±  8.0   41.47  ±  8.41  

L  HTOT  BMD   1.01  ±  0.14   1.00  ±  0.15  

R  HTOT  BMC   41.51  (34.91,  48.68)   41.50  ±  7.85  

R  HTOT  BMD   1.00  ±  0.15   1.00  ±  0.16  

R  neck  BMC   4.66  ±  0.80   4.71  ±  0.79  

R  neck  BMD   0.86  ±  0.14   0.85  ±  0.14  

L-­left;;  R-­Right;;  L  HTOT-­Left  hip  total;;  R  HTOT-­  Right  hip  total;;  BMC-­  
Bone  mineral  content  in  grams;;  BMD-­  Bone  mineral  density  in  g/cm2  
All  values  are  mean  ±  standard  deviation  or  median  (IQR)  

Table  5:  DEXA  measures  of  bone  mineral  density  at  
baseline  and  at  12  months  
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Table   6:   Pearson   correlation   between   baseline  
levels   of   testosterone   and   measures   of   bone  
mineral  density  at  baseline  and  at  12  months  

Baseline   12  months  

p   r   p   r  

L  spine  

ToT_Area   0.883   -­0.024   0.915   -­0.021  

ToT_BMC   0.262   -­0.182   0.558   -­0.116  

ToT_BMD   0.133   -­0.242   0.425   -­0.157  

Left  Hip  

Neck_Area   0.780   0.044   0.679   0.080  

Neck_BMC   0.913   0.014   0.580   0.107  

Neck_BMD   0.957   -­0.009   0.727   0.068  

HToT_Area   0.512   -­0.104   0.288   -­0.204  

HToT_BMC   0.660   -­0.070   0.734   -­0.066  

HToT_BMD   0.826   -­0.035   0.839   0.039  

Right  hip  

Neck_Area   0.482   -­0.114   0.716   -­0.070  

Neck_BMC   0.544   -­0.099   0.934   0.016  

Neck_BMD   0.644   -­0.075   0.864   0.033  

HToT_Area   0.108   -­0.258   0.097   -­0.314  

HToT_BMC   0.138   -­0.239   0.323   -­0.190  

HToT_BMD   0.425   -­0.130   0.838   -­0.040  

ToT-­Total;;   HTOT-­Hip   total;;   BMC-­Bone  mineral   content;;  
BMD-­Bone  mineral  density  
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Table   7:   Pearson   correlation  
between   change   in   levels   of  
testosterone   and   measures   of  
bone   mineral   density   at   12  
months  

  

Bone  density   12  months  
 p   r  
L  spine     

ToT_Area   0.917   -­0.021  

ToT_BMC   0.748   0.065  

ToT_BMD   0.590   0.108  

Left  Hip     

Neck_Area   0.662   -­0.086  

Neck_BMC   0.218   -­0.240  

Neck_BMD   0.249   -­0.225  

HToT_Area   0.882   0.029  

HToT_BMC   0.396   -­0.167  

HToT_BMD   0.039   -­0.222  

Right  hip     

Neck_Area   0.882   -­0.029  

Neck_BMC   0.364   -­0.178  

Neck_BMD   0.396   -­0.167  

HToT_Area   0.511   0.130  

HToT_BMC   0.775   -­0.057  

HToT_BMD   0.461   -­0.145  

ToT-­Total;;   HTOT-­Hip   total;;   BMC-­Bone  
mineral   content;;   BMD-­Bone   mineral  
density  



JEMDSA   63   2009  Volume   14  No   1  

  

                                                  

  
  
  
  

  

  
  
  
JEMDSA  representation  
The   Journal   of   Endocrinology,   Metabolism   and  Diabetes   of   South   Africa  
(JEMDSA)   is   the   official   journal   of   SEMDSA   (Society   for   Endocrinology,  
Metabolism   and  Diabetes   of   SA),  DESSA   (Diabetes  Education  Society  of   SA),  
NOFSA   (National  Osteoporosis  Foundation  of  SA),  SASOM   (SA  Society  of  
Obesity  and  Metabolism),  LASSA  (Lipid  and  Atherosclerosis  Society  of  SA)  and  
PAEDS-­SA  (The  Paediatric  Endocrinology  Society  of  SA).  

SEMDSA   has   for   many   years   strived   to   be   an   umbrella   organisation   for  
affiliated   South   African   professional   societies   with   a   focus   and   scope   in  
advancing   research   and   education   in   the   fields   of   endocrinology,   metabolism  
and  diabetes.  

  
Vision  of  the  journal  
JEMDSA   aims   to   publish   world-­class   scholarly   work   in   endocrinology,  
metabolism   and   diabetes.   The   journal   is   accredited   by   the   National  
Department  of  Education  for  the  measurement  of  research  output  of  public  
higher   education   institutions   and   earns   research   subsidies   for   South   African  
academic  departments.  

Through   stringent   peer   review,   the   journal   also   aims   to  make   a   regional  
contribution   to   the   international   knowledge  base   of   endocrinology,  metabolism  
and  diabetes  and  hopes  to  also  offer  other  African  countries   the  opportunity   to  
make  a  world-­class  African  contribution.  

Through  strategic  indexing  and  compliance  with  larger  databases  of  world-­  
class  medical   research,   JEMDSA   aims   to   eventually   be   indexed   in   larger  
indexes  such  as  Index  Copernicus,  Biosis,  EMBASE,  Medline  and  ISI.  

The  journal  further  aims  to  provide  a  platform  for  clinical  reviews  and  debate  on  
practical   and   controversial   issues   in   endocrinology,   metabolism   and   diabetes.  
The  journal  aims   to  be   instrumental   in  publishing  and   revising  therapeutic  
protocols   and   national  guidelines.   Reviews  will   also   be   invited   to   address  
pertinent  clinical  and  therapeutic  issues  for  its  practising  readership.  

The  print  run  of  the  journal  is  2  000  and  comprises  the  members  of  the  various  
societies,  namely  general  physicians,  endocrinologists,  diabetologists,  diabetes  
nurse   educators,   lipidologists,   beriatricians,   paediatricians,   gynaecologists  
(specialising  in  osteoporosis  and  infertility)  and  general  practitioners  with  a  
special  interest  in  endocrinology,  metabolism  and  diabetes.  

The  Journal  supports  the  mission  of  the  societies  and  will  assist  them  with  
all   aspects   of   communication,   training,   advocacy   and   by   supporting   and  
stimulating  local  research.  

  
Editorial  and  review  policy  
The   Editors   and   Editorial   Board   will   manage   the   Journal.   The   Editorial  
Board  consists  of  various  associate  editors  who  will   act  as  section  editors  
for  a  specific  subject  area,  as  well  as  regular  members  who  will  assist   the  
associate   editors   in   their   work.   All   original   research  will   be  sent   to   the  various  
section  editors  by  the  Editor-­in-­Chief.  The  section  editor,  who  manages  the  

  
peer-­review  process,  will   evaluate  all   original   research  and   review  papers  
before   they  are   subjected   to   further  peer   review   by   two   independent,  
expert   reviewers.   The  section   editors   and   Editor-­in-­Chief  will   jointly  make  
final   decisions   based   on   the   review   outcomes.   The   section   editors   are   also  
responsible   to   ensure   that   review   articles   adequately   reflect   current   research  
and   trends   in   the   specific   field.  Section   editors   will   network  with   national  
and  international  experts  in  a  subject  area  to  ensure  that  top  reviewers  and  
authors  contribute  to  the  journal.  

Copyright  policy  
  
Material   submitted   for   publication   in   the   Journal   of   Endocrinology,   Metabolism  
and  Diabetes   of   South   Africa   (JEMDSA)   is  accepted  provided   it   has  not   been  
published   elsewhere.   JEMDSA   reserves   copyright   of   the   material   published.  
Neither  JEMDSA  nor  the  Publisher  may  be  held  responsible  for  statements  
made  by  the  authors.  

Ethical  and  legal  considerations  
  
The  Journal  supports  the   ‘National  Code  of  Best  Practice   in  Editorial  Discretion  
and  Peer  Review   for  South  African  Scholarly  Journals’  available  online  at  
www.assaf.org.za.   Special   attention  will   be   devoted   to   conflict  of   interest,  
patient’s   right   to  privacy  and   approval  of   research   protocols  by   a  suitable  
ethics  review  board.  

Authorship  
  
All  named  authors  must  give  consent  to  publication.  Authorship  should  be  
based  only  on  substantial  contribution  to:  
1.   Conception  and  design  of  the  research  protocol  and  analysis  and  

interpretation  of  data.  
2.   Drafting  of  the  article  or  revising  it  critically  for  important  intellectual  

content.  
3.   Final  approval  of   the  version  to  be  published.  

  
All   three   of   these   conditions   must   be   met   (Uniform   requirements   for  
manuscripts  submitted  to  biomedical  journals;;  www.icmje.org/index.html).  

Authors  must  declare  all  sources  of  support   for   the  research  and  any  
association  with   the   product   or   subject   that  may  constitute   conflict   of  
interest.  

Protection  of  patient’s  rights  to  privacy  
  
Identifying   information   should   not   be   published   in   written   descriptions,  
photographs,  and  pedigrees  unless  the  information  is  essential  for  scientific  
purposes   and   the   patient   (or   parent   or   guardian)   gives   informed   written  
consent  for  publication.  Informed  consent  for  this  purpose  requires  that  the  
patient  be  shown  the  manuscript  to  be  published.  (www.icmje.org)  

Ethnic  Classification  
  
Work   that   is   based   on   or   contains   reference   to   ethnic   classification  must  
indicate  the  rationale  for  this.  

  



JEMDSA   64   2009  Volume   14  No   1  

Manuscript  categories  
Manuscripts   submitted   to   JEMDSA   must   be   in   the   form   of   Original   Research,  
Scientific   letters,   Clinical   Review   Articles,   Critical   appraisals   of   Clinical   Trials  
(CATs),   Protocols   for   Debate,   Brief   Reports,   Case   Reports,   Correspondence,  
Clinical  Quiz,  Opinion  or  Forum  Papers  and  Editorials.  The  Journal  will  consider  
the   publication   of   National  Guidelines,   Conference  Proceedings,   Supplements,  
Press  Releases  and  Book  Reviews.  

Original   articles:   Scholarly   work   in   endocrinology,   metabolism   and   diabetes  
will  be  accepted  for  further  review.  Authors  are  advised  to  also  consult   the  
various   sections   for   which   associate   editors   have   been   appointed.   Papers   in  
basic   science   are   also   accepted   and   encouraged.   Papers   in   these   categories  
must   include   a   structured   abstract   (Background,   Methods,   Result   and  
Conclusion)   of   not  more   than   250  words   (Medline   requirement).   Abstracts   that  
are   longer   than  200  words  will   be   truncated   by  most   international   indexes   and  
will  not  be  accepted.  Original  research  papers  must  be  3  500  words  or  less  
(excluding   references),   with   up   to   6   tables   or   illustrations.   References   should  
preferably  be  limited  to  no  more  than  25.  

Short   reports   or   scientific   letters:   These   include   case   reports,   commentary  
and  critical  appraisals  of  clinical  trials,  side  effects  of  drugs  and  brief  or  
negative   research   findings.  The   contribution   must   fit   onto   one   page   and   may  
be  800  words   in   length   if   it  contains  no   images,  or  600  words   if   it   includes  one  
small   table   or   illustration.  References  must   be   limited   to   no  more   than  six.  

Editorials,  Opinions,  Issues  in  Medicine,  etc.  should  be  about  800  words  
and  are  welcome,  but  unless  invited,  will  be  subjected  to  the  JEMDSA  peer  
review  process.  

Review  articles  are   encouraged   but   are  mostly   invited.  All   review   papers  will  
be  peer   reviewed.   All   review   articles  must   include   a  250  word   abstract   and   be  
less   than  3   500  words.  References  should   be   restricted   to   no  more   than   50.  

Opinion  or   Forum   articles:   150–200   word   abstract,  1   800   words,  
1  small  table  or  illustration  and  <  15  references.  

The  Correspondence  Column   includes:  
• Letters to the editor: < 400 words with only one small illustration or

table
• Book reviews: < 200 words plus cover image
• Local or international congress reports: < 600 words plus 2 photographs
• Clinical quiz: < 3 clinical photographs or laboratory results plus a 100

word   case   study,   description   and/or   5   questions.   Answers   to   the   clinical
quiz  may  not  exceed  100  words.

Obituaries  should  not  exceed  400  words  and  may  be  accompanied  by  a  
photograph.  

Protocols   for  debate  has  been  a   feature  of  JEMDSA   for  some   time.  Both  
diagnostic  as  well  as  management  protocols  are  acceptable.  The  paper  is  
not   peer-­reviewed   but   subject   to   debate   and   discussion   in  subsequent   issues  
of  the  Journal.  

Manuscript  submission  guidelines  
All   manuscripts   must   be   submitted   online   at   www.jemdsa.co.za  

Please  submit  a  cover  letter  as  a  supplementary  file  with  the  following:  
1. Surnames,   initials   and   qualifications   of   all   authors   in   the   correct

sequence
2. Full  contact  details  of  corresponding  author:  Title,   first  name,  surname,

e-­mail  address,  mobile,  office  and  fax  number  and  postal  address.
3. Declaration   on   copyright   and  originality   of   paper   and   acknowledgement   of

any   third   party   sources   (references   and   images)   exempting   the   author(s),
journal  and  publisher  of  plagiarism.

4. Declaration   regarding  authorship

5. Ethics  committee   approval
6. Conflicts  of  interest

The  online  submission  process  will  prompt  authors  to  check  off  the  following  
declarations:  
1. This  manuscript  has  currently  only  been  submitted  to  JEMDSA  and  has

not  been  published  previously.
2. This  work  is  original  and  all  third  party  contributions  (images,  ideas  and

results)  have  been  duly  attributed  to  the  originator(s).
3. Permission   to   publish   licensed   material   (tables,   figures,   graphs)   has   been

obtained  and  the   letter  of  approval  and  proof  of  payment   for   royalties  have
been  submitted  as  supplementary  files.

4. The   submitting/corresponding   author   is   duly   authorised   to   herewith
assign  copyright  to  the  JEMDSA.

5. All  co-­authors  have  made  significant  contributions  to  the  manuscript   to
qualify  as  co-­authors.

6. Ethics  committee  approval  has  been  obtained  for  original  studies  and  is
clearly  stated  in  the  methodology.

7. A  conflict  of   interest  statement   has   been   included  where   appropriate.
8. The  submission   adheres   to   the   instructions   to   authors   in   terms   of   all

technical  aspects  of  the  manuscript.

How  to  submit  your  paper  online:  
1. Visit  www.jemdsa.co.za
2. Register  on   the  website  as  an  author  and   log   in.
• Click on LOG IN and log in with username and password if already

registered
• If you have forgotten your password click on Forgot your password?
• If you are not registered, click on Not a user? Register with this site
3. Select  Author.
4. Click   on   CLICK   HERE   TO   FOLLOW   THE   FIVE   STEPS   TO   SUBMIT   YOUR

MANUSCRIPT.
5. Follow  the  five  steps  to  submit  your  paper.

Electronic  submissions  by  post:  
JEMDSA,  PO  Box   14804,  Lyttelton,  0140,  Gauteng,  South  Africa  
Please  request  an  indemnity  form  +27  (0)12  664  7460  or  toc@jemdsa.co.za  

Technical  manuscript  preparation  
All   JEMDSA   papers   must   comply   with   the   Uniform   Requirements   for  
Manuscripts   Submitted   to   Biomedical   Journal   Journals   (Ann   Intern   Med   2000;;  
133:229-­231  [editorial];;  http://www.icmje.org,  full  text).  

All  articles  must  be   typed   in  12  pt  Times  New  Roman  with  double  spacing.  

Small  tables  and  figures  (1/4–1/2  page)  may  be  included  in  the  manuscript.  
If   tables   are   large   (i.e.  1   page   landscape)  or   if   images   are   large   in   file   size   (>  
500  KB),  they  must  be  uploaded  as  separate  supplementary  files  (Step  4  in  
electronic  submission  process).  

Research   articles   should   have   a   structured   abstract   not   exceeding   200  
words   (50   for  short   reports)  comprising:  Objectives,  Design,  Setting,   Subjects,  
Outcome  measures,  Results  and  Conclusions.  Refer  to  articles  in  recent  issues  
for  guidance  on  the  presentation  of  headings  and  subheadings.  

Abbreviations:  These  should  be  spelt  out  when   first  used   in   the   text  and  
thereafter  used  consistently.  

Scientific  measurements:  These  should  be  expressed  in  SI  units  except:  
blood  pressure  should  be  given  in  mmHg  and  haemoglobin  values   in  g/dl.   If   in  
doubt,  refer  to  ‘uniform  requirements’  above.  

Illustrations:   Figures   consist   of   all   material   that   cannot   be   set   in   type,   such  
as  photographs   and   line  drawings.   If   any   tables   or   illustrations  submitted  



JEMDSA   65   2009  Volume   14  No   1  

have  been  published  elsewhere,  the  author  should  obtain  written  consent  
to   republication   from   the   copyright   holder   and   the   author(s).   All   illustrations,  
figures   etc  must   be   of   high   resolution/quality,  preferably   jpeg   or   equivalent  but  
not  PowerPoint,  and  must  be  uploaded  as  separate  supplementary   files.  

References:  References  should  be  inserted  in  the  text  as  superior  numbers  
and  should   be   listed   at   the   end  of   the   article   in  numerical   and   not   in  
alphabetical   order.   Authors   are   responsible   for   verification   of   references   from  
the  original  sources.  

References   should   be   set   out   in   the   Vancouver   style   using   approved  
abbreviations  of  journal  titles;;  consult  the  List  of  Journals  in  Index  Medicus  
for  these  details.  

Unpublished   observations   and   personal   communications   may   be   cited   in   the  
text,  but  not  in  the  reference  list.  

Sample   references   can   be   found   at:   http://www.nlm.nih.gov/bsd/uniform_  
requirements.html  

Articles  in  Journals  
Standard  journal  article  

Halpern   SD,   Ubel   PA,   Caplan  AL.   Solid-­organ   transplantation   in   HIV-­infected  
patients.  N  Engl  J  Med.  2002  Jul  25;;347(4):284-­7.  

More  than  six  authors:  

Rose  ME,  Huerbin  MB,  Melick  J,  et  al.  Regulation  of  interstitial  excitatory  amino  
acid  concentrations  after  cortical  contusion   injury.  Brain  Res.  2002;;935(1-­  
2):40-­6.  

Books  

Personal  author(s)  

Murray  PR,  Rosenthal  KS,  Kobayashi  GS,  Pfaller  MA.  Medical  microbiology.  4th  
ed.  St.  Louis:  Mosby;;  2002.  

Electronic  Material  

Journal  article  on  the  Internet  

Abood  S.  Quality  improvement  initiative  in  nursing  homes:  the  ANA  acts   in  
an  advisory   role.  Am  J  Nurs   [serial  on   the   Internet].  2002  Jun   [cited  2002  
Aug   12];;102(6):[about   3   p.].   Available   from:   http://www.nursingworld.org/  
AJN/2002/june/Wawatch.htm.  Accessed  3  June  2007  

Monograph  on  the  Internet  

Foley  KM,  Gelband  H,  editors.  Improving  palliative  care  for  cancer   [monograph  
on   the   Internet].  Washington:   National   Academy   Press;;   2001   [cited   2002   Jul  
9].  Available   from:  http://www.nap.edu/books/0309074029/html/.  Accessed  
6  January  2007  

Homepage/Web  site  

Cancer-­Pain.org  [homepage  on   the  Internet].  New  York:  Association  of  Cancer  
Online  Resources,  Inc.;;  c2000-­01  [updated  2002  May  16;;  cited  2002  Jul  9].  
Available  from:  http://www.cancer-­pain.org/.  Accessed  3  May  2008  

Galley  proofs  
Galley  proofs  will   be   forwarded   to   the  author  before  publication  and   if   not  
returned   within   2  weeks  will   be   regarded   as   approved.   Please   note   that  
alterations   to   typeset   articles   are  costly   and  will  be   charged   to   the   authors.  

Changes  of  address  
Please   notify   the   Editorial   Department   of   any   address   changes   so   that   proofs  
etc  may  be  mailed  without  delay.  

CPD   points  
Authors   can   earn   up   to   15   CPD   points   for   published   articles.   Certificates   will  
be  provided  on  request  after  the  article  has  been  published.  

Advertising  Policy  
The   Editorial   Board   of   JEMDSA   recognises   the   important   role   that  
advertisements   and   sponsorships   play   in   meeting   the   costs   of   the   publication  
and   in   ensuring   the   continued   existence   of   the   Journal.   The   Editors   welcome  
advertising   or   funding   that   are   supportive   of   the   objectives   of   the   Journal   and  
do   not   conflict   with   the   mission,   vision   and   values   statements   of   the   Journal  
or  any  of  its  representing  societies.  

The   following   guidelines   shall   be   implemented   for   sponsorship   and  
advertising:  
• Advertisements must be factual and in good taste.
• Advertised products or services must be in compliance with Act 101, “The

Code  of  Practice  for  the  Marketing  of  Medicines  in  RSA”,  the  National  Drug
Policy  and  regulations  of  the  Medicines  Control  Council  (MCC),  Health
Profession  Council  of  SA  (HPCSA).

• Advertisements should not exceed 35% of the total editorial space.
• Advertisements and editorials/content will be clearly separated.
• Non-designated support shall be acknowledged in the Journal.
• The Editorial Board will be responsible for the final acceptance of any

advertorial  material.

Tips  on  how  to  prepare  your  manuscript  
1. Please consult the “Uniform requirements for manuscripts submitted 

to  biomedical  journals”  at  www.icmje.org
2. The  submission  must  be   in  UK  English,  typed   in  Microsoft  Word   or  

RTF  with  no   double  spaces   after   the   full  stops,  double  paragraph  
spacing,  font  size  12  and  font  type  Times  New  Roman.

3. All   author   details   (Full   names,  qualifications   and   affiliation)   must   be
provided.

4. The   full   contact   details   of   corresponding   author   (tel,   fax,   e-­mail,
postal  address)  must  be  on  the  manuscript.

5. There  must  be  an  abstract  and  keywords.
6. References   must   be   strictly   in  Vancouver   format.   (Reference   numbers

in  the  text  must  be  strictly  numerical  and  be  typed  in  superscript,
not   in  brackets  and  must  be  placed  AFTER   the   full  stop  or  comma.)

7. Please  consult   the   guide   on  Vancouver   referencing  methods   at:  
http://www.nlm.nih.gov/bsd/uniform_requirements.html

8. It  must  be   clear  where   every   figure  and   table  should  be   placed   in   the  
text.  If   possible,  tables   and   figures  must   be   placed   in   the   text   where  
appropriate.  If   too   large  or   impractical,  they  may   be   featured  at   the  
end   of   the  manuscript  or   uploaded   as  separate   supplementary   files.

9. All   photographs  must  be   at   300   dpi   and   clearly  marked   according   to
the  figure  numbers  in  the  text.  (Figure  1,  Table  II,  etc.)

10.  Scientific  measurements:  These  should  be  expressed  in  SI  units  
except:  blood   pressure   should   be   given   in  mmHg   and   haemoglobin
values   in   g/dl.  If   in   doubt,   refer   to   ‘uniform   requirements’   above.

11.  All   numbers   below   ten,  without   percentages   or   units,  must   be   written
in  words.

12.  Figure  numbers:  Arabic,  table  numbers:  Roman
13.  Abbreviations:  These  should   be  spelt  out  when   first  used   in   the   text

and  thereafter  used  consistently.
14.  The  submission  must   be   reviewed   by   a   language   expert   proficient   in  

UK  English.



36  

Ethical  Considerations  
This  study  was  approved  by  the  University  of  Cape  Town’s  Human  Research  Ethics  

Committee   and   the   Provincial   Administration   of   the   Western   Cape,   HREC  

728/2018.   An   unrestricted   educational   grant   was   obtained   from   Merck  

Pharmaceuticals   for   the  measurement  of  testosterone,  LH  and  FSH.  There  are  no  

conflicts  of  interest.  



37    

References  
  
  
1.   Fauquet  CM,  Fargette  D.  International  Committee  on  Taxonomy  of  Viruses  and  

the  3,142  unassigned  species.  Virol  J.  2005;;2:64-­.  

2.   Eisinger  RW,  Dieffenbach  CW,  Fauci  AS.  HIV  Viral  Load  and  Transmissibility  of  

HIV  Infection:  Undetectable  Equals  Untransmittable.  Jama.  2019;;321(5):451-­2.  

3.   Mabuka   J,   Nduati   R,   Odem-­Davis   K,   Peterson   D,   Overbaugh   J.   HIV-­specific  

antibodies  capable  of  ADCC  are  common  in  breastmilk  and  are  associated  with  

reduced   risk   of   transmission   in   women   with   high   viral   loads.   PLoS   Pathog.  

2012;;8(6):e1002739.  

4.   Fanales-­Belasio   E,   Raimondo   M,   Suligoi   B,   Buttò   S.   HIV   virology   and  

pathogenetic  mechanisms  of   infection:  a  brief  overview.  Ann   Ist  Super  Sanita.  

2010;;46(1):5-­14.  

5.   Cunningham  AL,  Donaghy  H,  Harman  AN,  Kim  M,  Turville  SG.  Manipulation  of  

dendritic  cell  function  by  viruses.  Curr  Opin  Microbiol.  2010;;13(4):524-­9.  

6.   Fearon  M.   The   laboratory   diagnosis   of   HIV   infections.   Can   J   Infect   Dis   Med  

Microbiol.  2005;;16(1):26-­30.  

7.   Venter  F,  Majam  M,  Jankelowitz  L,  Adams  S,  Moorhouse  M,  Carmona  S,  et  al.  

South   African   HIV   self-­testing   policy   and   guidance   considerations.   2017.  

2017;;18(1).  

8.   Walmsley  SL,  Antela  A,  Clumeck  N,  Duiculescu  D,  Eberhard  A,  Gutiérrez  F,  et  

al.  Dolutegravir  plus  Abacavir–Lamivudine  for  the  Treatment  of  HIV-­1  Infection.  

New  England  Journal  of  Medicine.  2013;;369(19):1807-­18.  

9.   Chawla  A,  Wang  C,  Patton  C,  Murray  M,  Punekar  Y,  de  Ruiter  A,  et  al.  A  Review  

of  Long-­Term  Toxicity  of  Antiretroviral  Treatment  Regimens  and  Implications  for  

an  Aging  Population.  Infect  Dis  Ther.  2018;;7(2):183-­95.  

10.   Yan   L,   He   B,  Guo   H,   Liu   T,   Hao   D.   The   prospective   self-­controlled   study   of  

unilateral   transverse   process-­pedicle   and   bilateral   puncture   techniques   in  

percutaneous  kyphoplasty.  Osteoporos  Int.  2016;;27(5):1849-­55.  

11.   Helleberg  M,  Kronborg  G,  Larsen  CS,  Pedersen  G,  Pedersen  C,  Obel  N,  et  al.  

CD4  decline  is  associated  with  increased  risk  of  cardiovascular  disease,  cancer,  

and  death  in  virally  suppressed  patients  with  HIV.  Clin  Infect  Dis.  2013;;57(2):314-­  

21.  

12.   Sinha  U,  Sengupta  N,  Mukhopadhyay  P,  Roy  KS.  Human  immunodeficiency  virus  

endocrinopathy.  Indian  J  Endocrinol  Metab.  2011;;15(4):251-­60.  



38  

13. Sinha  U,  Sengupta  N,  Mukhopadhyay  P,  Roy  KS.  Human  immunodeficiency  virus

endocrinopathy.   Indian   journal   of   endocrinology   and   metabolism.

2011;;15(4):251-­60.

14. Friis-­Møller  N,  Weber  R,  Reiss  P,  Thiébaut  R,  Kirk  O,  d'Arminio  Monforte  A,  et  al.

Cardiovascular  disease  risk  factors  in  HIV  patients-­-­association  with  antiretroviral

therapy.  Results  from  the  DAD  study.  Aids.  2003;;17(8):1179-­93.

15. Norris  A,  Dreher  HM.  Lipodystrophy  syndrome:  the  morphologic  and  metabolic

effects   of   antiretroviral   therapy   in   HIV   infection.   J   Assoc   Nurses   AIDS   Care.

2004;;15(6):46-­64.

16. Kuehn  EW,   Anders  HJ,   Bogner   JR,  Obermaier   J,  Goebel   FD,   Schlöndorff   D.

Hypocalcaemia  in  HIV  infection  and  AIDS.  J  Intern  Med.  1999;;245(1):69-­73.

17. Vlot  MC,  Grijsen  ML,  Prins  JM,  de  Jongh  RT,  de  Jonge  R,  den  Heijer  M,  et  al.

Effect  of  antiretroviral  therapy  on  bone  turnover  and  bone  mineral  density  in  men

with  primary  HIV-­1  infection.  PLOS  ONE.  2018;;13(3):e0193679.

18. Shiau   S,   Broun   EC,   Arpadi   SM,   Yin   MT.   Incident   fractures   in   HIV-­infected

individuals:  a  systematic  review  and  meta-­analysis.  Aids.  2013;;27(12):1949-­57.

19. Bhatia  E.  Adrenal  disorders  in  people  with  HIV:  The  highs  and  lows.  Indian  J  Med

Res.  2018;;147(2):125-­7.

20. Johnson   SR,   Marion   AA,   Vrchoticky   T,   Emmanuel   PJ,   Lujan-­Zilbermann   J.

Cushing   syndrome   with   secondary   adrenal   insufficiency   from   concomitant

therapy  with  ritonavir  and  fluticasone.  J  Pediatr.  2006;;148(3):386-­8.

21. Membreno   L,   Irony   I,   Dere   W,   Klein   R,   Biglieri   EG,   Cobb   E.   Adrenocortical

function   in   acquired   immunodeficiency   syndrome.   J   Clin   Endocrinol   Metab.

1987;;65(3):482-­7.

22. Kalra  S,  Kalra  B,  Agrawal  N,  Unnikrishnan  A.  Understanding  diabetes  in  patients

with  HIV/AIDS.  Diabetol  Metab  Syndr  [Internet].  2011  2011;;  3(1):[2  p.].

23. Fichtenbaum  CJ,  Hadigan  CM,  Kotler  DP,  Pierone  G,  Jr.,  Sax  PE,  Steinhart  CR,

et  al.  Treating  morphologic  and  metabolic  complications  in  HIV-­infected  patients

on  antiretroviral  therapy.  A  consensus  statement  of  an  advisory  committee  of  the

International   Association   of   Physicians   in   AIDS   Care.   IAPAC   Mon.

2005;;11(2):38-­46.

24. Dagogo-­Jack  S.  HIV  therapy  and  diabetes  risk.  Diabetes  Care.  2008;;31(6):1267-­

8.

25. Vigouroux  C,  Maachi  M,  Nguyên  TH,  Coussieu  C,  Gharakhanian  S,  Funahashi

T,  et  al.  Serum  adipocytokines  are  related  to  lipodystrophy  and  metabolic



39  

disorders   in   HIV-­infected   men   under   antiretroviral   therapy.   Aids.  

2003;;17(10):1503-­11.  

26. Palella  FJ,  Jr.,  Delaney  KM,  Moorman  AC,  Loveless  MO,  Fuhrer  J,  Satten  GA,  et

al.   Declining   morbidity   and   mortality   among   patients   with   advanced   human

immunodeficiency  virus  infection.  HIV  Outpatient  Study  Investigators.  N  Engl  J

Med.  1998;;338(13):853-­60.

27. Koster  JC,  Remedi  MS,  Qiu  H,  Nichols  CG,  Hruz  PW.  HIV  protease   inhibitors

acutely   impair   glucose-­stimulated   insulin   release.   Diabetes.   2003;;52(7):1695-­

700.

28. Lee   GA,   Rao   MN,   Grunfeld   C.   The   effects   of   HIV   protease   inhibitors   on

carbohydrate   and   lipid   metabolism.   Current   Infectious   Disease   Reports.

2004;;6(6):471-­82.

29. Karamchand  S,  Leisegang  R,  Schomaker  M,  Maartens  G,  Walters  L,  Hislop  M,

et   al.   Risk   Factors   for   Incident   Diabetes   in   a   Cohort   Taking   First-­Line

Nonnucleoside   Reverse   Transcriptase   Inhibitor-­Based   Antiretroviral   Therapy.

Medicine.  2016;;95(9):e2844-­e.

30. Gomes   AC,   Aragues   JM,   Guerra   S,   Fernandes   J,   Mascarenhas   MR.

Hypogonadotropic   hypogonadism   in   human   immunodeficiency   virus-­infected

men:   uncommonly   low   testosterone   levels.   Endocrinol   Diabetes   Metab   Case

Rep.  2017;;2017.

31. Purifoy  FE,  Koopmans  LH,  Mayes  DM.  Age  differences  in  serum  androgen  levels

in  normal  adult  males.  Hum  Biol.  1981;;53(4):499-­511.

32. Ho   CK,   Stoddart   M,   Walton   M,   Anderson   RA,   Beckett   GJ.   Calculated   free

testosterone  in  men:  comparison  of  four  equations  and  with  free  androgen  index.

Ann  Clin  Biochem.  2006;;43(Pt  5):389-­97.

33. Monroe  AK,  Dobs  AS,  Palella  FJ,  Kingsley  LA,  Witt  MD,  Brown  TT.  Morning  free

and   total   testosterone   in  HIV-­infected  men:   implications   for   the  assessment  of

hypogonadism.  AIDS  Res  Ther.  2014;;11(1):6-­.

34. Ashby   J,   Goldmeier   D,   Sadeghi-­Nejad   H.   Hypogonadism   in   human

immunodeficiency  virus-­positive  men.  Korean  J  Urol.  2014;;55(1):9-­16.

35. Gomes  AR,  Souteiro  P,  Silva  CG,  Sousa-­Pinto  B,  Almeida  F,  Sarmento  A,  et  al.

Prevalence  of   testosterone  deficiency   in  HIV-­infected  men  under  antiretroviral

therapy.  BMC  Infect  Dis.  2016;;16(1):628-­.

36. Roubenoff  R,  Grinspoon  S,  Skolnik  PR,  Tchetgen  E,  Abad  L,  Spiegelman  D,  et

al.  Role  of  cytokines  and  testosterone  in  regulating  lean  body  mass  and  resting



40  

energy   expenditure   in   HIV-­infected   men.   Am   J   Physiol   Endocrinol   Metab.  

2002;;283(1):E138-­45.  

37. Bhasin  S,  Cunningham  GR,  Hayes  FJ,  Matsumoto  AM,  Snyder  PJ,  Swerdloff  RS,

et   al.   Testosterone   therapy   in   men   with   androgen   deficiency   syndromes:   an

Endocrine   Society   clinical   practice   guideline.   J   Clin   Endocrinol   Metab.

2010;;95(6):2536-­59.

38. Sih  R,  Morley  JE,  Kaiser  FE,  Perry  HM,  3rd,  Patrick  P,  Ross  C.  Testosterone

replacement  in  older  hypogonadal  men:  a  12-­month  randomized  controlled  trial.

J  Clin  Endocrinol  Metab.  1997;;82(6):1661-­7.

39. Rabkin   JG,  Wagner   GJ,   Rabkin   R.   A   double-­blind,   placebo-­controlled   trial   of

testosterone   therapy   for   HIV-­positive   men   with   hypogonadal   symptoms.   Arch

Gen  Psychiatry.  2000;;57(2):141-­7;;  discussion  55-­6.

40. Aggarwal  J,  Taneja  RS,  Gupta  PK,  Wali  M,  Chitkara  A,  Jamal  A.  Sex  hormone

Profile  in  Human  Immunodeficiency  Virus-­Infected  Men  and  It's  Correlation  with

CD4  Cell  Counts.  Indian  J  Endocrinol  Metab.  2018;;22(3):328-­34.

41. Dutta   D,   Sharma   LK,   Sharma   N,   Gadpayle   AK,   Anand   A,   Gaurav   K,   et   al.

Occurrence,  patterns  &  predictors  of  hypogonadism  in  patients  with  HIV  infection

in  India.  Indian  J  Med  Res.  2017;;145(6):804-­14.

42. Pongener  N,  Salam  R,  Ningshen  R,  Visi  V,  Wairokpam  T,  Devi  LS.  A  study  on

hypogonadism  in  male  HIV  patients   in  northeastern  part  of  India.   Indian  J  Sex

Transm  Dis  AIDS.  2019;;40(1):20-­4.

43. Lachatre  M,  Pasquet  A,  Ajana  F,  Soudan  B,  Lion  G,  Bocket  L,  et  al.  HIV  and

hypogonadism:   a   new   challenge   for   young-­aged   and   middle-­aged   men   on

effective  antiretroviral  therapy.  AIDS.  2017;;31(3):451-­3.

44. Wunder  DM,  Bersinger  NA,  Fux  CA,  Mueller  NJ,  Hirschel  B,  Cavassini  M,  et  al.

Hypogonadism  in  HIV-­1-­infected  men   is  common  and  does  not   resolve  during

antiretroviral  therapy.  Antivir  Ther.  2007;;12(2):261-­5.

45. Dube  MP,  Parker  RA,  Mulligan  K,  Tebas  P,  Robbins  GK,  Roubenoff  R,   et   al.

Effects   of   potent   antiretroviral   therapy  on   free   testosterone   levels  and   fat-­free

mass   in  men   in   a   prospective,   randomized   trial:  A5005s,   a   substudy  of  AIDS

Clinical  Trials  Group  Study  384.  Clin  Infect  Dis.  2007;;45(1):120-­6.

46. Dobs  AS,  Dempsey  MA,  Ladenson  PW,  Polk  BF.  Endocrine  disorders   in  men

infected  with  human  immunodeficiency  virus.  Am  J  Med.  1988;;84(3  Pt  2):611-­6.



40 

47. Desyatnik  M,  Baaj  A,  Fisher  A,  editors.  The  prevalence  of  hypogonadism  in  HIV-­

infected  patients  receiving  HAART  (TuPeB3180).  Poster  session  presented  at:

13th  International  AIDS  Conference;;  2000.

48. Hofbauer  LC,  Heufelder  AE.  Endocrine  implications  of  human  immunodeficiency

virus  infection.  Medicine  (Baltimore).  1996;;75(5):262-­78.

49. Editorial  introductions.  Current  Opinion  in  HIV  and  AIDS.  2016;;11(3):v-­vi.



UNlV!RSllY  OP  CAPI!  TOWN  
Facutty of Haith SclenCN 

Human Raurch l!thlc:11 COmmlttN 

w  ........  www,beolth,11¢ 

loom  UJ-441 Old Main lulldlng 
'1root.  lc:lluur Hoapltal 
OIINrvabWy7925       T•
 ................ [021) 406 6492 

lmalb a,mayah,ndafdleoO"Ct•czt  
IC tetrblfC11NrchlhUrn,nett,bl(prm1 

OS  November  2018  

HRl!C  REF1  721/2011  

A/Prof J  Dav• 
Division  of  Endoa1nology  
J-­Floor,  0MB  

Dear  A/Prof Dave  

PROJl!CT  nn.E1LONGITUDINAL  STUDY  TO  ASSl!SS  THI!  PR!VALl!NCE  01'  HYPOGONADISM  
IN HIV-INFECTED SOUTH APRICAN MEN AND rrs ASSOCIAnON WITH BONE Dl!NSrTY,
BODY  COMPOSfflON,  Ml!TABOUC  ABNORMALITll!S  AND  QUALITY  OF  LIPI!.   (SUB-­STUDY  
LINKED  TO   221/2001) . 
(MMacl  C.ndldata  -­  Dr  Le  Roux  van  der  Merw•)  

Thank   you   for   submtttrng   your   study   to the   Faculty   of   Health   Sciences   Human   Research   Ethics  
Committee  (HREC)  for   review. 

It   Is a  pleasure   to lnfonn  you  that  the  HREC  has  formally  approved   the   above-­mentioned  study.  

Approv■I   granted  for  on•  yur  untll  th•   JO  Nonmber  2019.  
Please   submit   a   progress   fonn,   using   the   standardised   Annual  Report Form   If   the   study   continues  
beyond  the  approval  period.  Please  submit•  Standard  Closure  fonn  If  the  study  Is completed  within  the  
approval  period.  
(Fonns  am  be  round  on  our  website:   www,beattb,uct,1c.zalflts/research/humaoetblcslfprms)  
We  Klcnowledge   tut   the   lltrldent:  Dr  Le Roux  v•n    tier  Henn, will  ••   be  Involved   In th,.  
dully.  

PINN quote the HRIC Rl!P In ■II your correspondence. 

Please  note  that  the  ongoing  ethlcal  conduct  of  the  study  remains   the  responsibility  of   the  principal  
Investigator.  

Please  note  that  for  ell  studies  approved by  t  REC,  the  principal  Investigator  11111d obtain  appropriate  
Institutional  approval, where  necessary   ore  he  research  may  occur.  



Digital  Receipt  
This   receipt  acknowledges   that  Turnitin   received  your  paper.  Below  you  will   find   the  receipt  
information  regarding  your  submission.  

The  first  page  of  your  submissions  is  displayed  below.  

Submission   author:  
Assignment   title:  
Submission   title:  

File  name:  
File  size:  

Page  count:  
Word  count:  

Character  count:  
Submission  date:  
Submission  ID:  

Le  Roux  Van  Der  Merwe  
For  TurnItIn  Submission  
vmrlex001:MMed_FINAAL.docx  
ssignments_916d22a1-­e24a-­4e79-­b7a1-­600d71ee1c49_MMe…  
1.63M  
36  
7,560  
42,865  
21-­Apr-­2021  03:35PM  (UTC+0200)  
1565604044  

Copyright  2021  Turnitin.  All  rights  reserved.  




