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Abstract
Background and Objective: Worldwide, approximately 30 million men have symptoms related to benign prostatic hyperplasia (BPH). There is
a high prevalence of the disease, therefore, the associated costs of medical care are also high. Little is documented on the nutritional status of men
with BPH in sub-Saharan Africa. This study therefore aimed to determine the body mass index (BMI), nutrient intakes and serum  antioxidant  status 
of  male  adults  with  and without BPH (benign prostatic hyperplasia) in Ibadan. Materials and Methods: This case-controlled, analytical study
recruited 28 male adults with BPH from the Urology Section of the Surgical Out-patients Department, University College Hospital, Ibadan and the
controls were 17 male adults without BPH, age-matched, living in the same city. BMI was computed and mean daily nutrient intakes were assessed
using repeated 24 h dietary recalls and analyzed using the software “Total Diet Assessment”. Beta-carotene, retinol and lycopene levels in the
serum  of  the  respondents  were  also  determined using high performance liquid chromatography. Statistical analysis was done using SPSS.
Results: There were no significant differences in the BMI, carbohydrate, fat, protein, energy, iron, sodium and zinc intakes between both groups
(p>0.05). However, potassium intakes (807.3±352.2 mg vs 567.2 ±278.2 mg) and calcium intakes (188.3±163.6 mg vs 103.8±62.3 mg) of the
BPH and controls differed significantly (p = 0.021 and 0.048, respectively). Lycopene (2443.1±265.4 µg) and beta-carotene (8.6±0.3 mg) intakes
of the BPH were significantly lower than those of the controls (3862.3±316.2 µg and 10.1±8.3 mg) respectively, p<0.05. The mean serum
lycopene, beta-carotene and retinol (24.2±10.2, 47.7±28.8 and 356.9±150.7 ng mLG1) of the BPH were significantly lower than the values
70.8±49.8, 57.6±47.7 and 395.4±275.6 ng mLG1 of the controls respectively (p<0.05). A significant inverse correlation was observed between
serum lycopene and BPH (r = -0.552, p = 0.000). Conclusion: Elderly men had low nutrient intakes and the mean calcium and potassium intakes
of men with BPH were significantly higher than that of men without BPH, while the mean lycopene and beta-carotene intakes of men without
BPH were significantly higher than those with BPH. Furthermore, the serum antioxidant status of men with BPH was significantly lower than that
of men without BPH.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is a common disease
of elderly men and a risk factor for developing prostate cancer
later in life1. Worldwide, approximately 30 million men have
symptoms related to benign prostatic hyperplasia2. Little is
documented on the prevalence of BPH in Sub-Saharan Africa3.
In Nigeria however, the prevalence of BPH has been shown to
be as high as 25-35%4. There is a high prevalence of the
disease, therefore the associated costs of medical care are also
high (approximately 4 billion dollars/year in the United
States)5.

Data from epidemiologic studies provide evidence of a
possible significant relationship between dietary habits and
the incidence of prostate disorders, with dietary factors
including different issues such as the total caloric intake,
macronutrients (carbohydrates, proteins and fat) and
micronutrients (vitamins and minerals)6.

According to Ejike and Ezeanyika3 the eating of processed
foods and a sedentary lifestyle apparently are status symbols
among the middle and upper classes in Sub-Saharan Africa,
resulting in a surge in the disease burden of Sub-Saharan
Africa. Clinically apparent BPH represents a considerable
health  problem  for  elderly  men due to the negative effects
it has on quality of life7. Wang et al.8 have indicated an
association between body mass index and increased risk of
BPH. Benign prostatic hyperplasia may also be caused or
exacerbated by chronic inflammation and subsequent
oxidative damage9 and thus dietary factors such as n-3 fatty
acids, polyunsaturated fats and antioxidants may also affect
risk.

Antioxidant nutrients that might influence cell growth
and differentiation may beneficially influence disorders
underlying BPH10. Retinol and its natural metabolites and
synthetic derivatives play important roles in regulating cell
proliferation, differentiation, cell arrest at G1 phase and
embryonic development11. A re-analysis of physician's health
study data provides insight which lends support to the idea
that beta-carotene may be protective against prostate
enlargement at the doses available from dietary intake12.

The abundance of lycopene in prostatic tissue is indirectly
implicated in the chemoprevention of pathologies likely to
affect the prostate gland in the ageing male, such as slowing
the   progression    of   BPH13.   The   common  pathologic
hyper-proliferation of prostate cells in adult men developing
BPH may be positively affected by lycopene14. Schwarz et al.15

also observed that there was no progression of BPH in patients
supplemented  with   lycopene   as   compared   with  a
placebo   group.  The   novel   finding   that   lycopene  reduces

local  androgen  signaling  in  the  prostate also suggests 
efficacy  in  prevention  of  benign  prostate  hyperplasia.

In Nigeria, there is a dearth of information on the nutrient
and antioxidant intakes of male adults, since they do not
represent a vulnerable segment of the population.
Furthermore, there is sparse documentation of the
relationship between nutritional status and BPH. This study
therefore aimed at determining the nutritional status (body
mass index, nutrient intakes and serum levels of antioxidants)
of male adults with and without BPH and exploring the
relationship between their nutritional status and BPH.

MATERIALS AND METHODS

This case-control study of males with and without BPH
was carried out in accordance with the ethical standards of the
University of Ibadan/University College Hospital Ibadan Ethical
Review Committee. Twenty-eight subjects (cases) were
randomly selected from the Urology Division of  the
Outpatient Department of Surgery of the University College
Hospital, Ibadan, Oyo state, Nigeria. Criteria for inclusion were
histologically confirmed, symptomatic (BPH), high serum PSA
or high Prostate Symptom Scores16, age above 40 years,
absence of acute illness and informed consent of willingness
to participate in the study. The presence of chronic diseases of
the liver and kidneys, histologically confirmed malignancies
and  inflammatory  diseases  of  the   urogenital   tract   were
the  exclusion  criteria.  The  controls  were  seventeen17  men
age-matched and living in the same city, with low serum PSA
and who did not report any of the symptoms of prostate
enlargement  (the controls have been described previously18,
as this study was part of a comprehensive study).

A semi-structured questionnaire was used to collect
socio-demographic data (Table 1). Their weights and heights
were measured and body mass index (BMI) was computed
from their weight and height measurements (Fig. 1).
Researchers assessed and analyzed the respondents’ daily
nutrient intakes using repeated 24 h dietary recalls and an
adapted  version  of  the  food  database  ‘total  diet
assessment 3.0”.

Serum lycopene, beta-carotene and retinol of the
respondents were extracted from a single 5 mL blood sample
drawn from each subject by venipuncture by a phlebotomist
using a method similar to that described by Tzeng et al.17 and
determined using high performance liquid chromatography
(a C18 column, a Rheodyne model 7161 injector, an Agilent
model 1100 pump, an Agilent model 1100 UV-VIS detector
(wavelength  of   272   nm),    a    binary    solvent     system   of
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Fig. 1: Body mass index of the respondents

Table 1: Socio-economic characteristics of the respondents
Controls BPH
---------------------------------------------- ----------------------------------------------
n (%) n (%) p-value

Mean age years (±SD) 59.5±12.5 63.8±8.7 0.154
Marital status (N, %) 0.323
Single 1 5.9 0 0
Widowed 0 0 0 0
Divorced/separated 0 0 1 3.8
Married 16 94.1 27 96.4
Total 17 100.0 28 100.0
Education 0.570
None 1 5.8 2 7.2
Non-formal 1 5.8 4 14.2
Primary 10 58.8 9 32.2
Secondary 4 23.5 9 32.2
Tertiary 1 5.8 4 14.2
Total 17 100.0 28 100.0
Occupation 0.281
Not employed 0 0 1 3.6
Farming 3 17.6 4 14.3
Trading and business 3 17.6 3 10.7
Artisan 3 17.6 5 17.9
Civil servant 2 12.0 7 25.0
Self-employed 3 17.6 0 0.0
Pensioner 3 17.6 8 28.5
Total 17 100.0 28 100.0
Income 0.268
Cannot estimate 0 0.0 3 10.7
< 5,000 7 41.1 4 14.3
5,000-10,000 4 23.5 7 25.0
10,001-15,000 1 5.9 1 3.6
15,001-20,000 2 11.8 2 7.2
20,001-25,000 0 0 2 7.2
25,001-30,000 1 5.9 3 10.7
>30,000 2 11.8 6 21.3
Total 17 100.0 28 100.0
No significant differences (p>0.05) were observed in the mean ages of the BPH and the control (59.5±12.5 years versus 63.8±8.7 years). Other socio-demographic
characteristics such as income, occupation and educational status also did not differ significantly between the groups (p>0.05), BPH = Benign prostatic hyperplasia,
SD = Standard deviation

HPLC-grade methanol/deionised water (95:5, v/v), flow rate of
1 mL minG1) (Detailed procedures have been described
elsewhere)18.

Statistical  analysis:   The   data   were   analyzed   by
computing frequencies, percentages, means and standard
deviations of the various variables. Chi-square tests were done
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to  ascertain  if  there  were  any  significant   differences   in
the socio-demographic  characteristics  of  the   respondents.
Student’s t-test was used to test for differences in mean BMI,
nutrient intakes and serum antioxidant levels. The mean
nutrient intakes were also compared with the daily required
intake (DRI) for men19,20. Spearman’s rank correlation was used
to  assess  the  relationship  between  their  serum  and  dietary
antioxidant status and BPH. All analysis were done at the 0.05
level of significance using Statistical Package for the Social
Sciences (SPSS) software (version 16.0 for Windows; SPSS Inc.,
Chicago, IL).

RESULTS

The   body   mass   index   of   the   respondents   did  not
differ  significantly  between  the  BPH  and  controls (t = 0.742,
p = 0.462).

The mean daily nutrient intakes of the respondents is
shown in Table 2. The mean carbohydrate, energy, protein, fat,
magnesium and zinc intakes of the respondents were not
significantly different (p>0.05). However the mean calcium
and potassium intakes of the BPH group were significantly
higher than those of the controls (p = 0.048 and 0.021,
respectively). Conversely, the mean lycopene and beta-
carotene intakes (3862.2±316.4 µg and 10.1±8.3 mg) of the
 controls were significantly higher than that of the BPH group
(2443.1±265.4  µg  and  8.6±5.3  mg)  (p  =  0.043  and  0.039,

respectively).  There  was  no  significant  difference  between
the retinol intake (536.4±170.7 µg RAE) (retinol activity
equivalent) of the BPH group and (545.6±870.5 µg RAE) of the
controls (p= 0.993).

In Table 3, the serum antioxidant status of the
respondents   is   presented.   The   mean   serum  lycopene,
beta-carotene   and   retinol   of   the   BPH   were   significantly
lower  than    the    mean    serum    lycopene,    beta-carotene
and  retinol  of  the  controls  (p<0.05).

There were no significant associations between the
respondents’ dietary intakes of energy, protein, fat, calcium,
magnesium, iron, sodium, zinc, lycopene, beta-carotene and
retinol (p>0.05) and BPH as shown in Table 4. Similarly, no
significant associations were observed between the
respondents’ serum beta-carotene and retinol (p>0.05) and
BPH.  However,  a  significant  positive  correlation  (r = 0.318,
p = 0.033) was observed for potassium intake and BPH, while
an inverse correlation was observed between the serum
lycopene of respondents and BPH (r = -0.552, p = 0.000).

DISCUSSION

Previous studies have indicated that increased adiposity
is positively associated with obesity-related metabolic
diseases, such as type 2 diabetes, hypertension and
dyslipidemia and prostatic hyperplasia21,22. However, this study
did not indicate any  association  between  BMI  and  BPH.  The

Table 2: Mean daily nutrient intakes of the respondents
Control BPH

Nutrients intake (SD) intake (SD) DRI19,20 p-value
Carbohydrate (g) 287.80±83.5 243.10±88.0 130 0.100
Energy (kcal) 1678.7±44.5 1628.7±371.8 1800 0.194
Protein (g) 56.7±22.8 57.2±24.4 56 0.941
Total fat (g) 29.5±14.7 29.3±15.8 0.973
Calcium(mg) 103.8±62.3 188.3±163.6 1200 0.048*
Iron (mg) 14.5±5.0 14.5±5.9 8 0.308
Magnesium(mg) 108.40±52.1 142.39±104.3 420 0.219
Potassium (mg) 567.2±278.2 807.3±352.2 4700 0.021*
Sodium (mg) 215.9±146.5 275.9±249.3 1200 0.373
zinc (mg) 8.29±3.39 8.38±4.41 11 0.943
Lycopene (µg) 3862.3±316.2 2443.1±265.4a 0.043*
Beta-carotene (mg) 10.1±8.3 8.6±5.3a 0.039*
Retinol (µg RAE) 545.6±870.5 536.4±170.7 900 0.993
*Significant difference detected, aThere are no established DRIs for lycopene and beta-carotene, values are Mean±SD, BPH = Benign prostatic hyperplasia, DRI = Daily
recommended intake, SD = Standard deviation

Table 3: Mean serum lycopene, beta-carotene and retinol status of the respondents
Control BPH p-value

Lycopene (ng mLG1) 70.8±49.8 24.2±10.2 0.000*
Beta-carotene (ng mLG1) 57.6±47.7 47.7±28.8 0.041*
Retinol (ng mLG1) 395.4±275.6 356.9±150.7 0.043*

*Significant difference detected, values are Mean±SD, BPH = Benign prostatic hyperplasia
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Table 4: Correlations between nutrient intakes and BPH
BPH

Nutrient r-value p-value
Energy -0.212 0.163
Protein -0.011 0.945
Fat -0.071 0.645
Calcium 0.236 0.118
Iron -0.215 0.156
Magnesium 0.099 0.518
Potassium 0.318 0.033*
Sodium 0.071 0.645
Zinc -0.019 0.899
Dietary intake of lycopene -0.234 0.122
Dietary intake of beta-carotene -0.030 0.845
Dietary intake of retinol -0.399 0.537
Serum lycopene -0.552 0.000
Serum beta-carotene -0.032 0.836
Serum retinol -0.035 0.818

*Significant correlation, BPH = Benign prostatic hyperplasia

proportion of overweight respondents in this study was higher
than the proportions indicated by Oldewage-Theron et al.23

and Lee et al.24. In contrast however, the prevalence of obesity
in the current study was much lower than those indicated in
these two studies.

The carbohydrate, energy, protein, fat, calcium, retinol,
potassium and sodium intakes observed in this study were
much lower, while the iron and beta-carotene intakes were
higher  than  those  observed  among  BPH  patients in a much
older study in Japan25. However, the mean energy intake in
this study population was similar to that observed in a healthy
population of elderly men in South Africa in a more recent
study23. On the contrary, the mean iron and zinc intakes
observed in this study were lower than those observed in the
study in South Africa24. In the current study, dietary energy
intake was not associated with BPH. This is consistent with the
findings of Schenk et al.26 and Meigs et al.27, but contrary to the
findings of Suzuki et al.28 and Parsons29, who observed direct
associations between BPH and energy intakes. Protein intakes
were not significantly associated with BPH in this study,
contrary to findings by Suzuki et al.28 and Parsons29.

In this study, beta-carotene intakes were observed to be
higher than the mean beta-carotene intake observed among
BPH patients in Italy30. Similarly, the mean intakes of beta-
carotene in this study were also found to be higher than the
suggestion of an intake of 3-6 mg/day of $-carotene from food
sources to maintain plasma $-carotene concentrations in the
range associated with a lower risk of various chronic disease
outcomes19. The beta-carotene intakes of the controls in the
current study were significantly higher than the BPH group
while mean serum beta-carotene levels also differed
significantly between the groups. However, a non-significant
association   was    observed    between   serum  beta-carotene

concentrations and BPH, in agreement with the findings that
a null association exists between serum beta-carotene levels
and the risk of prostate enlargement31,32.

The retinol intakes of the respondents in this study were
much lower than the DRI for vitamin A. This may be due to low
consumption  of  foods  rich  in  vitamin  A.  Furthermore,  the
non-significant association between BPH and retinol intake is
comparable to the indication in recent studies that dietary
retinol is not associated with BPH30,33,34.

Highly proliferative prostate epithelium as found in BPH
is a risk factor for prostate cancer35. Lycopene is a promising
component for the prevention of prostate pathologies36.
Although there is an abundance of literature on serum
lycopene status of prostate cancer patients in various
populations, there is little documentation on the serum
lycopene status of BPH patients in many populations. The
mean serum lycopene concentrations of the respondents in
both groups in this study were much lower than those
indicated in a study in the United Kingdom37. Furthermore, the
mean lycopene intake and mean serum lycopene of the
control group were much higher than those of the BPH group.
Similarly, we observed a significant negative association
between serum lycopene and BPH. These findings are
consistent with the indication that evidence for inverse
associations of serum lycopene with prostate enlargement
exists5.

Further studies need to be carried out to elucidate the
relationship between potassium intakes and BPH as there is
sparse literature on this topic.

CONCLUSION AND RECOMMENDATIONS

It was concluded that:
C Elderly men with BPH had low nutrient intakes. The mean

calcium and potassium intakes of men with BPH were
significantly higher than that of men without BPH, while
the mean lycopene and beta-carotene intakes of men
without BPH were significantly higher than those with
BPH

C The serum lycopene, beta-carotene and retinol status of
men with BPH was significantly lower than that of men
without BPH

C Potassium intake was positively associated, while serum
lycopene was negatively associated with BPH

Further epidemiologic studies and clinical trials are
necessary to explore the relationship between these
antioxidants  and   prostate   enlargement,   their   role   in  the
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reduction of the risk of prostate enlargement and to elucidate
the mechanisms by which they modulate the risk of BPH.
Stakeholders in nutrition and public health should embark
upon extensive nutrition education in Nigeria in order to
enlighten the public on the importance of healthy food
choices  to  eliminate  antioxidant  nutrient  deficiencies which
can compromise the health of individuals and the well-being
of communities. Preventive strategies should be adopted to
reduce the risk of prostate enlargement, such as dietary
diversification, the consumption of fruits and vegetables,
(especially those that are rich in lycopene such as tomatoes)
particularly for men who are at a high risk of BPH.
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