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ABSTRACT

Introduction. Abdominal obesity and type 2 diabetes mellitus are associated with sexual and endothelial dysfunction,
lower urinary tract symptoms (LUTS), and chronic systemic inﬂammation.
Aim. To determine the effects of diet-induced weight loss and maintenance on sexual and endothelial function,
LUTS, and inﬂammatory markers in obese diabetic men.
Main Outcome Measures. Weight, waist circumference (WC), International Index of Erectile Function (IIEF-5)
score, Sexual Desire Inventory (SDI) score, International Prostate Symptom Scale (IPSS) score, plasma fasting
glucose and lipids, testosterone, sex hormone binding globulin (SHBG), inﬂammatory markers (high-sensitivity
C-reactive protein [CRP] and interleukin-6 [IL-6]) and soluble E-selectin, and brachial artery ﬂow-mediated
dilatation (FMD) were measured at baseline, 8 weeks, and 52 weeks.
Methods. Over 8 weeks, 31 abdominally obese (body mass index ⱖ 30 kg/m2, WC ⱖ 102 cm), type 2 diabetic men
(mean age 59.7 years) received either a meal replacement-based low-calorie diet (LCD) ~1,000 kcal/day (N = 19) or
low-fat, high-protein, reduced-carbohydrate (HP) diet (N = 12) prescribed to decrease intake by ~600 kcal/day.
Subjects continued on, or were switched to, the HP diet for another 44 weeks.
Results. At 8 weeks, weight and WC decreased by ~10% and ~5% with the LCD and HP diet, respectively. Both
diets signiﬁcantly improved plasma glucose, low-density lipoprotein (LDL), SHBG, IIEF-5, SDI and IPSS scores,
and endothelial function (increased FMD, reduced soluble E-selectin). Erectile function, sexual desire, and urinary
symptoms improved by a similar degree with both diets. CRP and IL-6 decreased with the HP diet. At 52 weeks,
reductions in weight, WC, and CRP were maintained. IIEF-5, SDI, and IPSS scores improved further.
Conclusions. Diet-induced weight loss induces rapid improvement of sexual, urinary, and endothelial function in
obese diabetic men. A high-protein, carbohydrate-reduced, low-fat diet also reduces systemic inﬂammation and
sustains these beneﬁcial effects to 1 year. Khoo J, Piantadosi C, Duncan R, Worthley SG, Jenkins A, Noakes M,
Worthley MI, Lange K, and Wittert GA. Comparing effects of a low-energy diet and a high-protein low-fat
diet on sexual and endothelial function, urinary tract symptoms and inflammation in obese diabetic men. J
Sex Med **;**:**–**.
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Introduction

Methods

A

Thirty-one abdominally obese (body mass index
>30 kg/m2, waist circumference [WC] ⱖ 102 cm)
Caucasian men with type 2 diabetes mellitus,
recruited by advertisement from a community in
Adelaide, South Australia, were enrolled into a
parallel-design weight loss trial between June 2007
and May 2008. The sample size was calculated to
detect an improvement of 20% in erectile function
(ﬁve-item version of the International Index of
Erectile Function [IIEF-5]) score after weight loss
as seen in the study of Esposito et al. [16], and a
difference of 5 points between diet groups, with
80% power at 5% signiﬁcance. Subjects were randomly assigned to one of two different diets: modiﬁed LCD (N = 19) or a high-protein low-fat diet
(HP diet) (N = 12) based on the Commonwealth
Scientiﬁc Industrial and Research Organisation
(CSIRO) Total Wellbeing Diet developed by the
Commonwealth Scientiﬁc Industrial and Research
Organisation of Australia [17,18].
All subjects had glycated haemoglobin (GHb)
ⱕ7% on diet control (N = 16) or oral hypoglycemic medication, i.e., metformin with (N = 1) or
without (N = 14) sulfonylurea. Doses of medications were stable for 3 months prior to the study.
None had a history of cardiovascular or peripheral vascular disease. Exclusion criteria included
smoking, previous or current treatment for sexual
problems or LUTS, glomerular ﬁltration rate
<60 mL/min, and alcohol intake exceeding 500 g/
week in the previous 12 months. The study was
approved by the Human Research Ethics Committee of the Royal Adelaide Hospital. Informed
consent was obtained from all subjects.
Subjects in the LCD group consumed two
sachets daily (one at breakfast and lunch or dinner)
of a liquid meal replacement (Kicstart, Pharmacy
Health Solutions, Sydney, Australia), providing a
maximum of 450 kcal of energy, 0.8 g/kg ideal
body weight of protein, and the recommended
daily allowances of minerals, vitamins, and
omega-3 and omega-6 essential fatty acids, plus
one other small meal, for a total of ~900 kcal/day.
The HP diet was prescribed to reduce daily energy
intake by ~600 kcal, including 300 g of lean meat/
poultry/ﬁsh, and three servings/day of cereals/
bread and low-fat dairy foods and two fruit and
ﬁve vegetable serves per day [18]. Participants
were permitted to consume water, tea, coffee, and
diet soft drinks, and were instructed to consume at
least 2 L of ﬂuids/day. All subjects received a
written plan with detailed diet information, menu

bdominal obesity and type 2 diabetes mellitus increase the risk of erectile dysfunction
(ED) [1] and lower urinary tract symptoms
(LUTS) [2], which are associated with each other
[3,4] and also with systemic inﬂammation [5,6]
and endothelial dysfunction [7–10]. Obesity and
insulin resistance are associated with elevated
plasma levels of C-reactive protein (CRP) and
interleukin-6 (IL-6) [5,6,10] and endothelial dysfunction as evidenced by reduced ﬂow-mediated
arterial dilatation [8,10] and increased circulating
soluble cellular adhesion molecules such as
soluble E-selectin [11]. Hence, interventions
which reduce inﬂammation and/or improve
endothelial function may ameliorate ED and
LUTS [10].
Rapid diet-induced weight loss has been
shown to improve ED and LUTS. A modiﬁed
low-calorie diet (LCD) using nutritionally complete liquid meal replacements (~900 kcal/day)
induced ~10% weight loss with improvement of
erectile function and LUTS after 8 weeks in
obese nondiabetic and diabetic men [12]. Signiﬁcant improvements in endothelial function
[13,14] and inﬂammation [5] occurred mainly in
studies reporting at least 10% reduction induced
by short-term use of LCD [5,13], although a few
studies found that low-fat diet signiﬁcantly
improved brachial artery ﬂow-mediated dilatation (FMD) despite weight loss of only ~5% [15],
and reduced CRP with 2–7% weight loss [5].
The importance of macronutrient composition,
and the magnitude of weight loss required, to
achieve signiﬁcant beneﬁts in endothelial function and systemic inﬂammation, and their relation to improvement of sexual function and
LUTS in obese men, thus remains to be established. Reduced weight and CRP were associated with improved erectile function in obese
nondiabetic men after 2 years on a low-fat Mediterranean diet [16]. In obese type 2 diabetic
subjects, a high-protein diet was as effective as
a conventional diet in reducing weight and CRP,
with similar long-term compliance [17]. Our
study therefore aimed to compare, in obese men
with type 2 diabetes, the effects of rapid weight
loss induced by either LCD or a low-fat diet
with an increased ratio of protein to carbohydrate on systemic inﬂammation, endothelial,
erectile and urinary function, and the sustainability of changes in these parameters on the latter
diet.
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plan, recipes, and advice on cooking and eating
out. Diet compliance was monitored at 2- to
4-weekly intervals using food diaries. All subjects
maintained their usual daily activity. After 8 weeks,
participants were switched to or continued on the
HP diet for another 44 weeks.
Main Outcome Measures

Height (wall-mounted stadiometer) and weight
were measured unshod. We used the mean of three
measurements of WC at mid-axillary level, midway
between the lower costal border and the top of
the iliac crest. Plasma total cholesterol, triglyceride, high-density lipoprotein (HDL), LDL,
glucose, insulin, total testosterone (TT), and sex
hormone binding globulin (SHBG) were measured, and Quantitative Insulin Sensitivity Check
Index (QUICKI) and free testosterone (FT) were
calculated, as previously described [12]. Highsensitivity CRP was measured by a nephelometry
assay (Siemens Healthcare Diagnostics Inc,
Newark, DE, USA) with lower limit of detection
(LLD) 0.1 mg/L, intra-assay coefﬁcient of variation (CVintra) 1.3%, and inter-assay coefﬁcient of
variation (CVinter) 3.3%. ELISA kits (R & D
Systems, Minneapolis, MN, USA) were used to
measure IL-6 (LLD 0.039 pg/mL, CVintra 5.5%,
CVinter 8.7%) and soluble E-selectin (sE-selectin)
(LLD 0.09 ng/dL, CVintra 3.8%, CVinter 10.3%).
Brachial artery FMD was measured using magnetic
resonance imaging (MRI) as previously described
[18]. The interstudy coefﬁcient of variation (CV)
was 0.3 for FMD, and CV was 0.1 for brachial
artery area, similar to ultrasound measurement,
with good agreement between MRI and ultrasound
for measures of endothelial function and arterial
structure in the same subjects [19]. The abridged
IIEF-5, Sexual Desire Inventory (SDI), and International Prostate Symptom Scale (IPSS) were used
to assess erectile function, interest in sexual activity,
and severity of LUTS, respectively, as previously
described [12]. Weight and WC were measured at
baseline, 2-weekly for 8 weeks, and 4-weekly thereafter. Plasma biochemistry, FMD, and IIEF-5, SDI,
and IPSS scores were measured before starting diet
intervention and at 8 and 52 weeks after.

Statistical Analysis
Statistical analysis was performed using SPSS 16.0
(SPSS Inc., Chicago, IL, USA). Baseline measures
were compared with independent samples t-tests.
Changes in weight, WC, measures of erectile function, sexual desire and LUTS, sex hormones, CRP,
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IL-6, sE-selectin, FMD, and metabolic parameters
after 8 weeks and 52 weeks of dietary intervention
were investigated with maximum likelihood
repeated measures mixed models. Use of mixed
models included all three time points in the same
model, allowing for simultaneous assessment of
differences between multiple pairs of time points
and accounting for dropout of subjects after 8
weeks. Interactions between initial diet and time
were included to test for differential effects of the
weight loss and weight maintenance phases on the
outcome parameters across groups. Post hoc pairwise tests with Bonferroni adjustment of 8 weeks
and 52 weeks against baseline were performed following a signiﬁcant interaction between the initial
diet and effect of time (within each group) or a
signiﬁcant time effect (pooled across groups).
When interactions were nonsigniﬁcant, the
simpler model excluding the interactions was
reported. Relationships between changes in these
parameters were investigated with bivariate correlations. A P value < 0.05 was considered signiﬁcant.
Results

Subjects in the LCD and HP groups did not differ
signiﬁcantly in mean age, weight, WC, scores of
sexual function and LUTS, insulin sensitivity, and
TT, SHBG, and lipids (Table 1). The HP group
had lower mean insulin levels and FMD and
higher CRP, IL-6, and sE-selectin. No subjects
reported hypoglycemia or required changes in oral
hypoglycemic medications during the study. Four
subjects in the LCD group experienced constipation in the ﬁrst week which was resolved with
Metamucil. All subjects completed the initial
8-week weight-loss phase. Ten subjects in the
LCD group and ﬁve subjects in the HP group
declined further follow-up.
At 8 weeks (Table 2), mean weight loss and
decrease in WC were greater in the LCD group
(~10%) than in the HP group (~5%). Plasma
glucose and LDL decreased signiﬁcantly in both
groups. QUICKI improved in the LCD group. At
52 weeks, weight loss was maintained in both
groups (Table 2). WC decreased further in the HP
group, and was maintained in the LCD group.

Androgen Levels, Erectile Function, Sexual Desire,
and LUTS
At 8 weeks, there was a signiﬁcant increase in
SHBG in both groups (Table 2), main effect of
time F(2, 21.8) = 5.38, P = 0.01. Improvements in
SHBG were comparable in both diet groups. The
J Sex Med **;**:**–**
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Table 1 Baseline measures of anthropometry, sex
hormones, sexual function, LUTS, inflammatory markers,
endothelial function, and metabolic parameters, in
subjects on LCD and the HP diet

Age (years)
Duration of diabetes
Body mass index (kg/m2)
Weight (kg)
Waist circumference (cm)
Plasma TT (nmol/L)
Plasma SHBG (nmol/L)
Calculated FT (pmol/L)
IIEF-5 score
SDI score
IPSS score
Plasma CRP (mg/L)
Plasma IL-6 (pg/ml)
Plasma sE-selectin (ng/dl)
FMD (%)
Plasma glucose (mmol/L)
Plasma insulin (mU/mL)
Insulin sensitivity (QUICKI)
Plasma TG (mmol/L)
Plasma HDL (mmol/L)
Plasma LDL (mmol/L)

LCD (N = 19)

HP (N = 12)

58.1 ⫾ 11.4
4.0 ⫾ 1.0
35.1 ⫾ 4.3
112.7 ⫾ 19.2
124.6 ⫾ 12.7
11.70 ⫾ 3.59
22.47 ⫾ 9.34
285 ⫾ 87
7.95 ⫾ 6.23
43.68 ⫾ 23.58
6.26 ⫾ 5.49
3.82 ⫾ 3.21*
1.59 ⫾ 0.55*
53.6 ⫾ 11.9*
5.64 ⫾ 1.71*
7.42 ⫾ 2.40
21.38 ⫾ 9.59*
0.30 ⫾ 0.03
2.09 ⫾ 0.92
1.17 ⫾ 0.24
2.65 ⫾ 0.96

62.3 ⫾ 5.9
5.3 ⫾ 1.3
35.6 ⫾ 4.8
109.6 ⫾ 14.9
123.1 ⫾ 10.2
13.88 ⫾ 3.26
30.42 ⫾ 13.88
296 ⫾ 47
11.75 ⫾ 7.74
51.92 ⫾ 21.68
9.00 ⫾ 6.19
8.32 ⫾ 5.66*
3.28 ⫾ 0.92*
72.1 ⫾ 4.5*
3.27 ⫾ 1.88*
8.65 ⫾ 2.85
14.28 ⫾ 5.53*
0.31 ⫾ 0.02
2.18 ⫾ 0.95
1.20 ⫾ 0.15
2.50 ⫾ 0.86

All values are given as mean ⫾ SD.
*Significant baseline difference between the LCD and HP groups. The level of
significance is set at P < 0.05.
LUTS = lower urinary tract symptoms; LCD = low-calorie diet; HP = highprotein low-fat; SD = standard deviation; TT = total testosterone; SHBG = sex
hormone binding globulin; IIEF-5 = five-item version of the International Index of
Erectile Function; SDI = Sexual Desire Inventory; IPSS = International Prostate
Symptom Scale; CRP = high-sensitivity C-reactive protein; IL-6 = interleukin-6;
sE-selectin = soluble E-selectin; FMD = brachial artery flow-mediated dilatation; TG = triglyceride.

magnitude of weight reduction was signiﬁcantly
correlated with the increase in SHBG (r = -0.63,
P < 0.01). Changes in TT and FT were not statistically signiﬁcant in either group.
At 8 weeks, there was a signiﬁcant increase in
the mean IIEF-5 score in both LCD and HP
groups, with no difference between the groups
(Table 2). Of the 17 men (54.8%) with severe ED
(IIEF-5 score <8) at baseline, seven demonstrated
improvement of IIEF-5 scores (Figure 1). At 52
weeks, further signiﬁcant improvements in IIEF-5
score were seen in both groups (Table 2), main
effect of time F(2, 28.1) = 41.55, P < 0.001.
Normal IIEF-5 score (>21) was achieved in four
men (25.0%) at 12 months, compared to none at
the start of the study and one in the LCD group at
8 weeks (Figure 1). SDI scores increased signiﬁcantly and comparably in the LCD and HP groups
at 8 weeks (Figure 1). At 52 weeks, further signiﬁcant improvements in SDI scores were seen in the
LCD and HP groups (Table 2), main effect of time
F(2,21.7) = 63.86, P < 0.001.
LUTS of at least moderate severity (IPSS score
ⱖ8) was reported by 35.5% (11/31) of our subjects. IPSS scores decreased signiﬁcantly in both
groups at 8 weeks (Figure 1) and were comparable
in both groups (Table 2). The magnitude of reduction in IPSS score was signiﬁcantly correlated with

Table 2 Changes in anthropometry, sex hormone, sexual function, LUTS, inflammatory markers, endothelial function,
and metabolic parameters after 8 and 52 weeks of dietary modification

Weight (kg)
Waist circumference (cm)
Plasma TT (nmol/L)
Plasma SHBG (nmol/L)
Calculated FT (pmol/L)
IIEF-5 score
SDI score
IPSS score
Plasma CRP (mg/L)
Plasma IL-6 (pg/ml)
Plasma sE-selectin (ng/dl)
FMD (%)
Plasma glucose (mmol/L)
Plasma insulin (mU/mL)
Insulin sensitivity (QUICKI)
Plasma TG (mmol/L)
Plasma HDL (mmol/L)
Plasma LDL (mmol/L)

LCD (N = 19)
Baseline

LCD (N = 19)
8 weeks

LCD* (N = 9)
52 weeks

HP (N = 12)
Baseline

HP (N = 12)
8 weeks

HP (N = 7)
52 weeks

112.7 ⫾ 4.1
124.6 ⫾ 2.7
11.70 ⫾ 0.78
22.47 ⫾ 2.59
285 ⫾ 17
7.95 ⫾ 1.58
43.68 ⫾ 5.25
6.26 ⫾ 1.26
3.82 ⫾ 1.00†
1.59 ⫾ 0.29†
53.6 ⫾ 3.5†
5.64 ⫾ 0.37†
7.42 ⫾ 0.59
21.38 ⫾ 1.90†
0.30 ⫾ 0.01
2.09 ⫾ 0.21
1.17 ⫾ 0.05
2.65 ⫾ 0.21

103.2 ⫾ 4.2§¶
112.5 ⫾ 2.6§¶
14.81 ⫾ 1.98
31.16 ⫾ 3.36‡
282 ⫾ 22
10.12 ⫾ 1.71‡
54.05 ⫾ 6.46‡
4.58 ⫾ 1.10‡
5.04 ⫾ 1.13
2.23 ⫾ 0.35
41.8 ⫾ 4.1§¶
10.16 ⫾ 0.5§¶
6.54 ⫾ 0.46‡
17.70 ⫾ 3.83
0.32 ⫾ 0.01§¶
1.52 ⫾ 0.20
1.11 ⫾ 0.04
2.26 ⫾ 0.17‡

103.1 ⫾ 4.2§¶
112.1 ⫾ 3.2§¶
13.39 ⫾ 1.44
24.44 ⫾ 3.10
305 ⫾ 21
14.74 ⫾ 1.16‡
60.19 ⫾ 6.12‡
3.30 ⫾ 0.73‡
3.79 ⫾ 0.82
1.70 ⫾ 0.42
38.3 ⫾ 3.8§¶
12.46 ⫾ 0.5§¶
7.18 ⫾ 0.63
17.25 ⫾ 3.20
0.32 ⫾ 0.01§¶
1.54 ⫾ 0.17‡
1.24 ⫾ 0.07
2.35 ⫾ 0.17‡

109.6 ⫾ 5.1
123.1 ⫾ 3.4
13.88 ⫾ 1.00
30.42 ⫾ 3.26
296 ⫾ 21
11.75 ⫾ 1.99
51.92 ⫾ 6.61
9.00 ⫾ 1.58
8.32 ⫾ 1.29†
3.28 ⫾ 0.37†
72.1 ⫾ 4.5†
3.27 ⫾ 0.50†
8.65 ⫾ 0.75
14.28 ⫾ 2.39†
0.31 ⫾ 0.01
2.18 ⫾ 0.27
1.20 ⫾ 0.06
2.50 ⫾ 0.27

104.8 ⫾ 5.3§¶
117.7 ⫾ 3.5§¶
14.17 ⫾ 2.49
34.17 ⫾ 4.23‡
276 ⫾ 28
14.50 ⫾ 2.15‡
63.42 ⫾ 8.15‡
6.50 ⫾ 1.38‡
3.68 ⫾ 1.43§¶
1.80 ⫾ 0.44§¶
53.2 ⫾ 5.2§¶
5.82 ⫾ 0.71‡¶
7.32 ⫾ 0.58‡
13.20 ⫾ 4.82
0.31 ⫾ 0.01¶
2.15 ⫾ 0.25
1.13 ⫾ 0.05
2.22 ⫾ 0.21‡

100.6 ⫾ 5.2§¶
114.0 ⫾ 3.9§¶
13.65 ⫾ 1.65
35.87 ⫾ 3.73
259 ⫾ 24
18.44 ⫾ 1.44‡
72.93 ⫾ 7.68‡
4.00 ⫾ 0.91‡
2.85 ⫾ 1.01§¶
2.40 ⫾ 0.52¶
43.1 ⫾ 4.6§¶
9.77 ⫾ 0.76§¶
7.39 ⫾ 0.76
21.24 ⫾ 3.83
0.30 ⫾ 0.01¶
1.55 ⫾ 0.20‡
1.14 ⫾ 0.08
1.96 ⫾ 0.21‡

All values are given as mean ⫾ standard error.
*Subjects on LCD for the 8-week weight-loss phase were switched to the HP diet for weight maintenance.
†
Significant baseline difference between the LCD and HP diet groups.
‡Significant time effect difference from baseline across groups, P < 0.05.
§Significant intra-group difference from baseline, P < 0.01.
¶Significant interaction of group and time effect. The level of significance is set at P < 0.05.
LUTS = lower urinary tract symptoms; LCD = low-calorie diet; HP = high-protein low-fat; TT = total testosterone; SHBG = sex hormone binding globulin; IIEF5 = five-item version of the International Index of Erectile Function; SDI = Sexual Desire Inventory; IPSS = International Prostate Symptom Scale; CRP = highsensitivity C-reactive protein; IL-6 = interleukin-6; sE-selectin = soluble E-selectin; FMD = brachial artery flow-mediated dilatation; TG = triglyceride.
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Figure 1 Comparison of individual changes in sexual function, lower urinary tract symptoms, endothelial function, and
inflammatory markers in obese type 2 diabetic men at baseline, 8 and 52 weeks in the low-calorie diet (LCD) and high-protein
low-fat (HP) diet groups. CRP = high-sensitivity C-reactive protein; FMD = brachial artery flow-mediated dilatation; IIEF5 = five-item version of the International Index of Erectile Function; IPSS = International Prostate Symptom Scale;
SDI = Sexual Desire Inventory; TT = total testosterone.

that of weight (r = 0.69, P < 0.01) and WC
(r = 0.66, P < 0.01). At 52 weeks, mean IPSS score
decreased further in both groups (Table 2), main
effect of time F(2,27.8) = 29.44, P < 0.001.

Endothelial Function and Inflammatory Markers
Mean sE-selectin levels decreased in both groups
after 8 weeks (Table 2). At 52 weeks, reduction in
sE-selectin was maintained in the LCD group, and
further reduction occurred in the HP group
(Table 2). Mean brachial FMD increased signiﬁcantly in both LCD and HP groups after 8 weeks
(Table 2), and showed a tendency (P = 0.05) to correlate with the magnitude of weight loss. At 52
weeks, improvements in mean FMD were maintained (Table 2). Group–time interaction effects

were signiﬁcant for sE-selectin, F(2,18.0)= 3.74,
P = 0.04, and FMD, F(2,15.6) = 4.33, P = 0.03.
At 8 weeks, mean CRP and IL-6 levels
decreased signiﬁcantly in the HP, but not in the
LCD group (Table 2). Reduction in IL-6 was associated with decrease in CRP (r = 0.68, P < 0.01)
and sE-selectin (r = 0.37, P = 0.04) and increase in
FMD (r = -0.86, P < 0.01). At 52 weeks, CRP was
maintained (Table 2). Group–time interaction
effects were signiﬁcant for CRP, F(2,17.4) = 8.10,
P < 0.01, and IL-6, F(2,16.3) = 6.44, P < 0.01.
Discussion

Our study shows that a modiﬁed meal replacement
program (LCD) and a diet of whole foods of high
J Sex Med **;**:**–**
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nutritional quality (HP) are both effective in
inducing rapid and signiﬁcant weight loss and
improvement in dyslipidemia, sexual and endothelial function, and LUTS in obese men with type 2
diabetes. The HP diet was effective for maintenance or further improvement. Our ﬁndings are
concordant with results of studies showing that
LCDs safely and rapidly induce ~10% weight loss
and improve insulin resistance and other cardiovascular risk factors [5,12,20], and that low-fat,
high-protein diets are effective for short-term
weight loss and long-term maintenance of weight
and cardiometabolic beneﬁts [5,16,17].
More than half of our subjects had previously
undiagnosed severe impairment of erectile function
(IIEF-5 score <8), supporting the observation that
signiﬁcant sexual dysfunction is frequently undiagnosed in diabetic men, as in the Quality of Care and
Outcomes in Type 2 Diabetes Study [21]. In our
study, erectile function and sexual desire increased
after 5–10% weight loss in 8 weeks, in contrast with
failure of LCD to improve sexual function in men
with no history of ED [22], and similar to the
improvement in IIEF-5 scores 2 years after surgical
weight loss of ~30% [23]. As in the Look AHEAD
study where ~10% weight loss induced by diet
modiﬁcation and increased activity maintained or
improved IIEF scores in a majority of obese type 2
diabetic men after 1 year [24], erectile function
improved or normalized completely in a signiﬁcant
proportion of our subjects. Although our study may
be underpowered to detect a signiﬁcant difference
between the two diet groups, and these differences
may not be apparent beyond a “threshold” of
weight loss, nutritional quality may contribute as
much as caloric restriction to rapid improvement
and maintenance of sexual function.
Short-term weight loss induced by caloric
restriction was shown to increase testosterone and
SHBG levels in abdominally obese nondiabetic [12]
and diabetic [22,25] men, which is concordant with
rapid increment in SHBG and correlation with the
magnitude of weight loss in our study. Abdominal
obesity is associated with reduced SHBG due to
hyperinsulinemia [26], and thus, SHBG is expected
to increase after reduction in weight, WC, and
insulin resistance, as was seen in our subjects, particularly the LCD group. As visceral adiposity and
insulin resistance are associated with production of
inﬂammatory cytokines and increased aromatization of testosterone to estradiol in adipose tissue,
leading to decreased pituitary gonadotropin release
and testicular androgen production [27,28], weight
loss and improvement in insulin sensitivity may
J Sex Med **;**:**–**
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increase testicular testosterone production and
thus sexual function. Moreover, marked caloric
restriction and consequent rapid weight loss may
inhibit the activity of the hypothalamic-pituitarygonadal axis, thereby causing a smaller increase
in testosterone production than expected, and
increasing SHBG. Our study may have been underpowered to detect statistically signiﬁcant changes
in TT, while the increase in SHBG contributed to
the lack of change in FT.
The age-standardized prevalence of moderate
and severe LUTS in Australian men aged 40 years
and above is half (~16%) of that in our study [29],
suggesting that LUTS remains undiagnosed in a
signiﬁcant proportion of obese diabetic men.
Abdominal obesity is associated with ~2-fold
increase in LUTS [2], and accordingly, decrease in
IPSS score was related to reduction in weight and
WC. Obesity-associated genitourinary dysfunction
is attributed to atherosclerosis, endothelial dysfunction, and autonomic system overactivity leading to impaired penile rigidity and voiding [4]. We
reported improvement of LUTS in obese men after
~10% weight loss with LCD [12], but signiﬁcant
reductions in IPSS scores even with ~5% weight
loss on HP diet indicate the importance of a diet of
high nutritional quality for improving and maintaining urinary tract health in obese diabetic men.
Improvements in endothelial function were
concordant with studies of nonpharmacological
weight loss in the short [13] and long term [14].
The HP diet induced signiﬁcant increase in FMD
after only ~5% weight reduction, in contrast with
studies where less than 10% weight loss over 3–9
months failed to induce increase in FMD [30,31].
Rapid reductions in inﬂammatory markers on HP
diet contrast with failure of low-fat diets (also ~5%
weight loss) to reduce CRP and IL-6 after 6–14
months [5]. It is possible that the low-fat content
and high-protein quality of the HP diet may have
contributed to improvements in endothelial function and inﬂammation despite less weight loss than
LCD. Interactions between the group and time
effects on sE-selectin, FMD, CRP, and IL-6
suggest that these beneﬁts are more evident with
greater degrees of endothelial dysfunction and systemic inﬂammation.
The strengths of our study are comprehensive assessments, parallel dietary approaches, and
relatively long duration of follow-up. Our main
limitation is the small cohort, causing imbalance
in baseline characteristics between diet groups,
and the study to be underpowered to detect
associations between reduction in weight and waist
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circumference, and improvements in sexual, urinary, and endothelial function. No control group
was used, as we felt it was unethical to withhold
intervention in men with high cardiovascular risk.
A similar magnitude of diet-induced weight loss
may not be sustainable in the community, but
awareness of sexual dysfunction and perceptible
improvement are likely to motivate obese men to
improve compliance with lifestyle modiﬁcation.
Conclusions

We conclude that rapid diet-induced weight loss
improves sexual, urinary, and endothelial function,
and reduces systemic inﬂammation, in a population comprised exclusively of obese diabetic men.
Further improvements during weight maintenance, using a high-protein low-fat diet, suggest
that both nutrient quality and caloric restriction
contribute to these beneﬁts. Larger studies of different types of diets may be useful to explain the
contribution of macronutrient composition.
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