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Objectives: The primary objective was to evaluate the association of serum folate, vitamin B, ,, zinc, magnesium
with semen parameters in infertile couples in Hong Kong. The secondary objective was to explore whether the study
participants were deficient in any of these micronutrients. The impact of smoking on semen parameters was also
analysed.

Methods: This cross-sectional study recruited 196 Chinese men from the Subfertility Clinic of the Department of
Obstetrics and Gynaecology, Kwong Wah Hospital between August 2012 and November 2013. Semen and blood
samples were collected on the same day for analysis.

Results: Higher levels of serum magnesium were significantly associated with higher percentages of normal sperm
morphology (p=0.02). The median levels of micronutrients studied were within the normal range, indicating that
deficiency of these nutrients was rare in our locality, although such deficiency is common in western countries.
Both median semen volume and sperm concentration were within the normal range but the median percentages of
normal sperm morphology and motility were below the normal range. We postulate that sperm morphology might
be improved by an increased intake of magnesium. Smoking was significantly associated with low semen volume
(p=0.01).

Conclusion: This is the first study to evaluate the relationship between serum micronutrients and semen parameters
in infertile Chinese couples in our locality. Male subfertility is a multifactorial disorder. Although both nutritional
and lifestyle factors are important and modifiable, further research on these subjects would provide a platform for
potential fertility treatments.
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Introduction controversial. Serum folate and vitamin B, levels have

Approximately 16% of couples in Hong Kong been reported to be lower in infertile subjects’, although

. . . . . 3 1at1 10,11
are involuntarily childless'. This has a great influence on  Other studies have shown no such association™.

the quality of life>. Male infertility contributes to 30% to

50% of all infertility cases®. Several animal studies have Zinc serves as a cofactor for more than 80

demonstrated the effects of micronutrients such as folate, ~metalloenzymes involved in DNA transcription, expression

of steroid receptors and protein synthesis'>!>. A lowered

vitamin B, zinc, and magnesium on spermatogenesis*”.

” serum zinc level has been shown to be more common
Folate is essential for processes that are important ~ in infertile patients'®. Zinc is important in testicular
for spermatogenesis including DNA synthesis®, regulation ~ development, spermatogenesis, and sperm motility". It
of DNA transcription via methylation®, as well as transfer
RNA and proteins. Vitamin B, is an essential component

of DNA synthesis and is also a cofactor in the folate-

dependent conversion of homocysteine to methionine. The
impact of folate and vitamin B, on semen parameters is
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improves spermatogenesis in animals'®, and increases
sperm concentration'3!°, motility*®, and morphology in
subfertile males®'.
Magnesium is an essential ion for enzyme
activations in the body that are related to male sexual
functions??, including various biochemical processes
of spermatogenesis, and functions in sperm motility.
Biochemical processes include synthesis of ATP, cAMP,
proteins and DNA, ATP hydrolysis, and the functioning
of enzymes and non-enzymatic factors involved in proper
protective antioxidant mechanisms®?. It is proposed
that ATPase releases energy required for sperm motility
from ATP?. According to Morisawa and Okuno®, sperm
motility requires both cAMP and magnesium ATP, and
the formation of them is magnesium-intensive. In-vivo
magnesium has been shown to increase sperm motility and
sperm production by up to 80%?, although studies of the

impact of serum magnesium on semen variables are scarce.

Most studies have been conducted among a western
population. We hypothesised that deficiency in these serum
micronutrients would also aggravate semen quality in our
Chinese population. The primary objective of our study was
to thus evaluate the association of serum folate, vitamin B,
zinc, and magnesium, with semen parameters in infertile
couples in Hong Kong. The secondary objective was to
explore whether a deficiency of the studied micronutrients
was present among the study participants. We also analysed
the impact of smoking on semen variables. Although
causes of male subfertility are multifactorial, nutrition
and lifestyle factors are modifiable. We hoped to gain an
invaluable insight into the potential nutrients that improve
semen quality, and thus explore the options for fertility
treatment.

Methods

This was a cross-sectional study. Chinese couples
were recruited when they attended the Subfertility Clinic
of the Department of Obstetrics and Gynaecology, Kwong
Wah Hospital between August 2012 and November 2013.
Infertility was defined as failure to conceive over 1 year
of regular intercourse without contraception. Subjects
who were non-Chinese and mentally incompetent were
excluded. Participants were given written information
regarding the objectives and details of the study and
informed consent was obtained prior to study recruitment.
The sample size was calculated based on the formula:

z o« p(1=p)
2
&

n=

174 HKIGOM 2015; 15(2)

where a is the significance level (o = 0.05), Z“% means the
corresponding z value from standard normal distribution
(mean = 0, standard deviation = 1), p being the response
rate, and d being the margin of error. Assuming p (response
rate) to be 80% and d (margin of error) to be 0.06, the
required sample size (n) was 171.

Study subjects who attended the Subfertility Clinic
were asked to save a semen sample for analysis and blood
was taken. One semen sample and blood sample were
collected from each subject on the same day. Demographic
and clinical data were obtained from the subfertility
assessment forms in the electronic patient record through
the Clinical Management System of the Hospital Authority,
Hong Kong, and included age, occupation, smoking status,
history of medical illness or operations, history of genital
infection or injury and any coital problem. The study was
approved by the Ethics Committee of Kowloon West
Cluster, Hospital Authority, Hong Kong.

Semen Analysis

The participant produced a semen sample by
masturbation.  Self-reported duration of ejaculation
abstinence and time of ejaculation were obtained. The whole
ejaculate of semen was required to be collected without
a condom at home by masturbation into the container
provided, then tightly capped. Time of semen collection
was recorded; 2 to 3 days of sexual abstinence was advised
prior to semen collection. The samples were delivered to
the Andrology Laboratory within 1 hour of collection.
Once received, the semen was allowed to liquefy for 30 to
60 minutes at room temperature before semen analysis was
performed. Semen analysis was performed according to
the fifth edition of the World Health Organization (WHO)
laboratory manual for the examination and processing
of human semen®. Motility of sperm was classified as
progressive (PR) or non-progressive (NP). Semen analysis
was performed in the Andrology Laboratory of Dr Stephen
Chow Chun-kay Assisted Reproduction Centre of Kwong
Wah Hospital by trained medical technicians. Semen
variables were categorised as normal if they were equal
or above the reference values, and abnormal if below the
reference values according to the WHO 2010’s reference
values®.

Blood Measurements

Venous blood samples were drawn into vacutainer
tubes and analysed in the Laboratory of Department of
Pathology, Kwong Wah Hospital. For serum folate and
serum vitamin B ,, 4 mL clotted blood was analysed using
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chemiluminescent microparticle immunoassay on Abbott
Architect i2000SR System (Abbott, US). For serum zinc, 4
mL clotted blood was analysed using ICP-AES (inductively
coupled plasma atomic emission spectroscopy) on Varian
Vista-MPX CCD Simultaneous ICP-AES System (Varian,
Australia). For serum magnesium, 4 mL clotted blood
was analysed using calmagite spectrophotometry on
Beckman Coulter UniCel DxC800 Synchron Clinical
System (Beckman Coulter Inc., US). The normal reference
ranges of the laboratory of the Department of Pathology of
Kwong Wah Hospital for each micronutrient level were as
follows: serum folate (3.10-20.50 ng/mL), serum vitamin
B,, (187-883 pg/mL), serum zinc (10-19 umol/l), and
serum magnesium (0.70-1.05 mmol/l). The serum level of
these micronutrients in each blood sample was categorised
as deficient if it was below normal range, sufficient if it
was within the normal range, and high for those above the
normal range.

Statistical Analyses

Analyses were performed using SPSS version 20 for
Mac (SPSS Inc.,Chicago [IL],US). The association between
semen parameters and micronutrient levels was examined
as categorical data using exact Chi-square test and Fisher’s
exact test. A p value of <0.05 was considered statistically
significant. Continuous variables were presented as median
(interquartile range). The multiple logistic regression
analysis (stepwise) was performed to include variables
found to be significant at p<0.2 by univariate analysis, if
considered to be an important demographic variable.

Results
Demographic and Clinical Data

A total of 235 couples were approached during
the study period from August 2012 to November 2013.
Of the 200 couples recruited, four non-Chinese men
were excluded, thus semen and blood samples from 196
Chinese men were analysed. The response rate was 85.1%
(200/235).

Table 1% summarises the demographic and
clinical data of the participants as well as their semen
variables. The median age of participants (n=196) was 37
years. Demographic details were as follows: 91 (46.4%)
worked at administrative levels and as professionals while
26 (13.3%) engaged in labouring work; 122 (62.2%) were
non-smokers, 57 (29.1%) were smokers and 17 (8.7%)
were ex-smokers. Nine had hypertension, four had diabetes
mellitus, three had hyperlipidaemia, two were obese, two
had gout, two had hypothyroidism and were prescribed
T4 supplementation, 12 had a history of mumps, two

had varicocele diagnosed in the male subfertility clinic
following referral for azoospermia, and one had previous
surgery for varicocele. For history of genital infection or
injury, two had a history of prostatitis. Semen samples
were collected throughout the year, 45 (23.0%) in spring
(March to May), 48 (24.5%) in summer (June to August),
67 (34.2%) in autumn (September to November), and 36
(18.4%) in winter (December to February).

The median duration of abstinence was 3 days and
the median time of liquefaction was 44 minutes. There
were four subjects with azoospermia and therefore the
association between serum micronutrient level and sperm
motility and normal morphology could not be studied in
these samples. Among these four cases of azoospermia,
all had the diagnosis confirmed by repeat semen analysis
and were referred to the Male Subfertility Clinic in Queen
Mary Hospital for assessment and further investigations.
Three individuals attended the clinic for assessment and
one did not; two had non-obstructive azoospermia with
the presence of varicocele and microdissection testicular
sperm extraction with or without intracytoplasmic sperm
insemination was discussed. One was diagnosed to be
likely obstructive azoospermia and was scheduled for
scrotal exploration. The median (range) semen volume
was 2.5 (2.0-3.8) mL, the median sperm concentration
was 30 (14-48) M/mL, the median PR motility was 27.5%
(18%-34%), the median total motility (PR+NP) was 37%
(30%-45%), and the median normal form was 2% (1%-
4%). Both median semen volume and sperm concentration
of the participants were within the normal range, but
median motility and normal form were below the normal

range.

Serum Folate and Vitamin B ,

Two samples were cancelled due to gross
haemolysis. The median serum folate and vitamin B,
level was 7.60 (5.68-9.73) ng/mL and 448.50 (365-
562.75) pg/mL, respectively, both within the normal range
recommended by our laboratory. The majority of Chinese
participants (97.4%) had a normal serum level of folate.
There was no statistically significant association between
serum folate (Table 2) and vitamin B, (Table 3) levels

respectively with each semen parameter.

Serum Zinc

One haemolysed sample was excluded from
analysis. The median (range) serum zinc level was 12 (11-
13) umol/I. There was no statistically significant association
between serum zinc level and each semen parameter (Table

4).
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Table 1. Demographics of participants (n=196) Table 1. (cont’d)
Demographics Data’ Demographics Data’
Age (years) 37 (34-42) Season of semen collection?
21-30 18 (9.2%) Spring 45 (23.0%)
31-40 117 (59.7%) Summer 48 (24.5%)
41-50 51 (26%) Autumn 67 (34.2%)
51-60 9 (4.6%) Winter 36 (18.4%)
61-70 1 (0.5%) Days of abstinence 3(3-5)
Occupation® 0-1 1 (0.5%)
Managers and administrators 12 (6.1%) 2-3 100 (51.0%)
Professionals 16 (8.2%) 4-7 92 (46.9%)
Associate professionals 63 (32.1%) >7 3 (1.5%)
Clerks 30 (15.3%) Time of liquefaction (mins) 44 (33.5-55.0)
Service workers and shop sales workers 38 (19.4%) Within 1 hour 177 (90.3%)
Plant and machine operators and assemblers 18 (9.2%) 1-2 Hours 19 (9.7%)
Elementary occupations 8 (4.1%) Semen parameters®
Self-employed 4 (2.0%) Volume (mL) 2.5(.0-3.8)
Unemployed 3 (1.5%) Concentration (M/mL) 30 (14-48)
Retired 1(0.5%) Motility PRY (%) 27.5(18-34)
Missing data 3(1.5%) Total motility (PR+NP)? [%] 37 (30-45)
Smoking status Normal form? (%) 2(1-4)
Non-smoker 122 (62.2%)
Smoker 57 (29.1%)
Ex-smoker 17 (8.7%)
Disease Serum Magnesium
Hypertension 9 (4.6%) Low serum magnesium level was not found in
Diabetes 4(2.0%) any sample. The median (range) serum magnesium level
Hyperlipidaemia 3(1.5%) was 0.92 (0.88-0.97) mmol/l. There was no statistically
Obesity 2 (1.0%) significant association between serum magnesium and
Gout 2 (1.0%) semen volume, sperm concentration or motility (Table 5).
Hypothyroidism on T4 supplement 2 (1.0%) Nonetheless there was a significant association between
History of mumps 12 (6.1%) serum magnesium and normal morphology of sperm
Varicocele 2 (1.0%) (p=0.02). Those who had a high serum magnesium level
Varicocele with operation done 1(05%) We.re less likely to have an abnorm.al form of sperms (odds
ratio [OR]=0.13, 95% confidence interval [CI], 0.03-0.61,
History of prostatitis 2(0%) | 5=0.01) but were more likely to be older (OR=1.12, 95%
* Data are shown as median (interquartile) or No. (%) of CI, 1.02-1.24, p=0.02) [Table 5 and 6].
subjects
T Classified according to the International Labour Smoking Status
Organization®

Current smoker status was significantly associated

-

Classified according to the Hong Kong Observatory

Determination according to the World Health Organization with low semen volume compared with non-smoker and

P

(2010) laboratory manual for the examination and ex-smoker (Table 7).
processing of human semen, 5th edition® were employed
as reference values. Normal reference values were semen Discussion

volume of 1.5 mL, sperm concentration of 15 M/mL,
motility PR of 32%, total motility (PR+NP) of 40%, and
normal morphology of 4%

¥ Four semen samples were azoospermia and were excluded (p=0.02): a higher serum magnesium level was less likely

from analysis to be associated with abnormal sperm morphology. The

Our study demonstrates a significant association

between serum magnesium and normal sperm morphology
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Table 2. Serum folate level and semen parameters in Chinese infertile men (n=194)*

Serum folate level (ng/mL) p Value
Deficient (<3.10)  Sufficient (3.10-20.50) High (>20.50)

Current smoking status 0.28
No 1 (0.5%) 134 (69.1%) 2 (1.0%)
Yes 2 (1.0%) 55 (28.4%) 0

Hypertension 1
No 3 (1.5%) 180 (92.8%) 2 (1.0%)
Yes 0 9 (4.6%) 0

Diabetes 1
No 3 (1.5%) 186 (95.9%) 2 (1.0%)
Yes 0 3(1.5%) 0

Hyperlipidaemia 1
No 3(1.5%) 186 (95.9%) 2 (1.0%)
Yes 0 3(1.5%) 0

Obesity 1
No 3(1.5%) 187 (96.4%) 2 (1.0%)
Yes 0 2 (1.0%) 0

Gout 1
No 3 (1.5%) 187 (96.4%) 2 (1.0%)
Yes 0 2 (1.0%) 0

Hypothyroidism on T4 supplement 1
No 3 (1.5%) 187 (96.4%) 2 (1.0%)
Yes 0 2 (1.0%) 0

History of mumps 1
No 3 (1.5%) 177 (91.2%) 2 (1.0%)
Yes 0 12 (6.2%) 0

Varicocele 1
No 3 (1.5%) 187 (96.4%) 2 (1.0%)
Yes 0 2 (1.0%) 0

Varicocele with operation 1
No 3(1.5%) 188 (96.9%) 2 (1.0%)
Yes 0 1 (0.5%) 0

History of prostatitis 1
No 3 (1.5%) 187 (96.4%) 2 (1.0%)
Yes 0 2 (1.0%) 0

Season of collection 0.61
Spring 2 (1.0%) 43 (22.2%) 0
Summer 0 46 (23.7%) 1 (0.5%)
Autumn 1 (0.5%) 65 (33.5%) 1 (0.5%)
Winter 0 35 (18.0%) 0

Duration of abstinence (days) 0.66
0-1 0 1 (0.5%) 0
2-3 2 (1.0%) 95 (49.0%) 2 (1.0%)
4-7 1 (0.5%) 90 (46.4%) 0
>7 0 3 (1.5%) 0

Abbreviations: NP = non-progressive motility; PR = progressive motility
* Two blood samples were grossly haemolysed and were excluded from analysis
¥ Four semen samples were azoospermia and were excluded from analysis
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Table 2. (cont’d)

Serum folate level (ng/mL) p Value
Deficient (<3.10)  Sufficient (3.10-20.50) High (>20.50)
Time of liquefaction 1
Within 1 hour 3 (1.5%) 170 (87.6%) 2 (1.0%)
1-2 Hours 0 19 (9.8%) 0
Semen parameters

Volume (mL)
Normal 3 (1.5%) 172 (88.7%) 2 (1.0%) 1
Abnormal 0 17 (8.8%) 0

Concentration (M/mL)
Normal 3 (1.5%) 141 (72.7%) 1 (0.5%) 0.37
Abnormal 0 48 (24.7%) 1 (0.5%)

Motility PR (%)’
Normal 0 67 (35.3%) 0 048
Abnormal 3 (1.6%) 118 (62.1%) 2 (1.1%)

Total motility (PR+NP) [%]*
Normal 0 85 (44.7%) 0 0.17
Abnormal 3 (1.6%) 100 (52.6%) 2 (1.1%)

Normal form (%)*
Normal 0 56 (29.5%) 0 0.59
Abnormal 3 (1.6%) 129 (67.9%) 2 (1.1%)

median level of each micronutrient studied was within the
normal range, indicating that deficiency of these nutrients
is rare in our locality. Of note, serum folate deficiency is
common in western countries. We also demonstrated that
smoking was significantly associated with low semen
volume.

In our study, we demonstrated that a higher level
of serum magnesium was significantly associated with a
higher percentage of normal sperm morphology. Daily
magnesium intake in the human diet is often below the
daily requirement that may be even higher for many
patients who engage in high levels of physical activity
and / or who experience high levels of stress®'*2. Thus,
a relative hypomagnesaemia may occur despite the fact
that the serum magnesium level is within the clinically
physiological reference range.

A prospective pilot study was conducted by Kiss et
al* and Viski et al* to evaluate the effectiveness of oral
magnesium therapy on human semen parameters. They
reported that 1 mg oral magnesium-citrate, administered
daily for 3 continuous months, increased sperm volume,
sperm count, motile sperm ratio, and normal morphology

178 HKIGOM 2015; 15(2)

ratio. However, Zavaczki et al®*® have conducted a
randomised, placebo-controlled clinical pilot study among
20 men who suffered from idiopathic infertility to examine
the effect of magnesium orotate on male idiopathic
infertility, and shown that treatment at a dose of 3000 mg/
day for 90 consecutive days led to neither a significant
improvement in sperm variables nor an increased pregnancy
rate in female partners of treated males compared with the
controls.

Nonetheless, it does suggest that magnesium
supplementation is advisable for patients if their daily
dietary magnesium intake is less than the required amount,
or if magnesium loss is increased due to chronic illness,
high physical activity, or stress*>. Among our participants,
occupation could be a source of stress in the case of
administrators and professionals, or a high degree of
physical activity required by jobs such as labouring work;
nonetheless the problem of infertility was also an important
stressor. Magnesium is abundant in nature, found in green
vegetables, chlorophyll, cocoa derivatives, nuts, wheat,
seafood, and meat. Although further research on magnesium
supplementation is needed, an increased dietary intake is a
considerable alternative.
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Table 3. Serum vitamin B,, level and semen parameters in Chinese infertile men (n=194)*

Vitamin B,, level (pg/mL) p Value
Deficient (<187) Sufficient (187-883) High (>883)

Current smoking status 0.77
No 1 (0.5%) 130 (67.0%) 6 (3.1%)
Yes 0 56 (28.9%) 1 (0.5%)

Hypertension 0.08
No 0 178 (91.8%) 7 (3.6%)
Yes 1 (0.5%) 8 (4.1%) 0

Diabetes 1
No 1 (0.5%) 183 (94.3%) 7 (3.6%)
Yes 0 3(1.5%) 0

Hyperlipidaemia 1
No 1 (0.5%) 183 (94.3%) 7 (3.6%)
Yes 0 3(1.5%) 0

Obesity 1
No 1(0.5%) 184 (94.8%) 7 (3.6%)
Yes 0 2 (1.0%) 0

Gout 1
No 1(0.5%) 184 (94.8%) 7 (3.6%)
Yes 0 2 (1.0%) 0

Hypothyroidism on T4 supplement 1
No 1 (0.5%) 184 (94.8%) 7 (3.6%)
Yes 0 2 (1.0%) 0

History of mumps 041
No 1 (0.5%) 175 (90.2%) 6 (3.1%)
Yes 0 11 (5.7%) 1 (0.5%)

Varicocele 1
No 1(0.5%) 184 (94.8%) 7 (3.6%)
Yes 0 2 (1.0%) 0

Varicocele with operation 1
No 1 (0.5%) 185 (95.4%) 7 (3.6%)
Yes 0 1 (0.5%) 0

History of prostatitis 0.08
No 1 (0.5%) 185 (95.4%) 6 (3.1%)
Yes 0 1 (0.5%) 1 (0.5%)

Season of collection 0.21
Spring 0 41 (21.1%) 4(2.1%)
Summer 0 45 (23.2%) 2 (1.0%)
Autumn 1 (0.5%) 65 (33.5%) 1 (0.5%)
Winter 0 35 (18.0%) 0

Duration of abstinence (days) 0.15
0-1 0 1 (0.5%) 0
2-3 0 96 (49.5%) 3(1.5%)
4-7 1 (0.5%) 87 (44.8%) 3 (1.5%)
>7 0 2 (1.0%) 1 (0.5%)

Abbreviations: NP = non-progressive motility; PR = progressive motility
* Two blood samples were grossly haemolysed and were excluded from analysis
¥ Four semen samples were azoospermia and were excluded from analysis
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Table 3. (cont’d)

Vitamin B, level (pg/mL) p Value
Deficient (<187) Sufficient (187-883) High (>883)
Time of liquefaction 1
Within 1 hour 1 (0.5%) 167 (86.1%) 7 (3.6%)
1-2 Hours 0 19 (9.8%) 0
Semen parameters
Volume (mL)
Normal 1 (0.5%) 169 (87.1%) 7 (3.6%) 1
Abnormal 0 17 (8.8%) 0
Concentration (M/mL)
Normal 1 (0.5%) 140 (72.2%) 4(2.1%) 0.53
Abnormal 0 46 (23.7%) 3 (1.5%)
Motility PR (%)’
Normal 0 65 (34.2%) 2(1.1%) 1
Abnormal 1 (0.5%) 117 (61.6%) 5 (2.6%)
Total motility (PR+NP) [%]*
Normal 1 (0.5%) 82 (43.2%) 2 (1.1%) 0.34
Abnormal 0 100 (52.6%) 5 (2.6%)
Normal form (%)*
Normal 0 56 (29.5%) 0 0.13
Abnormal 1 (0.5%) 126 (66.3%) 7 (3.7%)
Table 4. Serum zinc level and semen parameters in Chinese infertile men (n=195)*
Serum zinc level (umol/L) p Value
Deficient (<10) Sufficient (10-19) High (>19)
Current smoking status 0.33
No 8 (4.1%) 130 (66.7%) 0
Yes 2 (1.0%) 54 (27.7%) 1 (0.5%)
Hypertension 0.11
No 8 (4.1%) 177 (90.8%) 1 (0.5%)
Yes 2 (1.0%) 7 (3.6%) 0
Diabetes 0.21
No 9 (4.6%) 181 (92.8%) 1 (0.5%)
Yes 1 (0.5%) 3 (1.5%) 0
Hyperlipidaemia 1
No 10 (5.1%) 181 (92.8%) 1 (0.5%)
Yes 0 3 (1.5%) 0
Obesity 1
No 10 (5.1%) 182 (93.3%) 1 (0.5%)
Yes 0 2 (1.0%) 0

Abbreviations: NP = non-progressive motility; PR = progressive motility
* One blood sample was haemolysed and were excluded from analysis
¥ Four semen samples were azoospermia and were excluded from analysis
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Table 4. (cont’d)

Serum zinc level (umol/L) p Value
Deficient (<10) Sufficient (10-19) High (>19)
Gout 1
No 10 (5.1%) 182 (93.3%) 1 (0.5%)
Yes 0 2 (1.0%) 0
Hypothyroidism on T4 supplement 1
No 10 (5.1%) 182 (93.3%) 1 (0.5%)
Yes 0 2 (1.0%) 0
History of mumps 1
No 10 (5.1%) 172 (88.2%) 1 (0.5%)
Yes 0 12 (6.2%) 0
Varicocele 1
No 10 (5.1%) 182 (93.3%) 1 (0.5%)
Yes 0 2(1.0%) 0
Varicocele with operation 1
No 10 (5.1%) 183 (93.8%) 1 (0.5%)
Yes 0 1 (0.5%) 0
History of prostatitis 1
No 10 (5.1%) 182 (93.3%) 1 (0.5%)
Yes 0 2 (1.0%) 0
Season of collection 041
Spring 4 (2.1%) 41 (21.1%) 0
Summer 1(0.5%) 46 (23.6%) 0
Autumn 3(1.5%) 64 (32.8%) 0
Winter 2 (1.0%) 33 (16.9%) 1 (0.5%)
Duration of abstinence (days) 0.63
0-1 0 1 (0.5%) 0
2-3 4 (2.1%) 94 (48.2%) 1 (0.5%)
4-7 6 (3.1%) 86 (44.1%) 0
>7 0 3 (1.5%) 0
Time of liquefaction
Within 1 hour 9 (4.6%) 166 (85.1%) 1 (0.5%)
1-2 Hours 1 (0.5%) 18 (9.2%) 0
Semen parameters
Volume (mL)
Normal 10 (5.1%) 167 (85.6%) 1 (0.5%) 0.64
Abnormal 0 17 (8.7%) 0
Concentration (M/mL)
Normal 7 (3.6%) 138 (70.8%) 1 (0.5%) 0.79
Abnormal 3 (1.5%) 46 (23.6%) 0
Motility PR (%)*
Normal 1 (0.5%) 65 (34.0%) 1 (0.5%) 0.08
Abnormal 9 (4.7%) 115 (60.2%) 0
Total motility (PR+NP) [%]"
Normal 2 (1.0%) 82 (42.9%) 1 (0.5%) 0.11
Abnormal 8 (4.2%) 98 (51.3%) 0
Normal form (%)*
Normal 3(1.6%) 54 (28.3%) 0 1
Abnormal 7 (3.7%) 126 (66.0%) 1 (0.5%)




Table 5. Serum magnesium level and semen parameters in Chinese infertile men (n=196)

Serum magnesium level (mmol/L)
Sufficient (0.70-1.05) High (>1.05)

Median (interquartile range) age (years) 36 (33-42) 41 (38-45.5)
Current smoking status

No 133 (67.9%) 6 (3.1%)

Yes 54 (27.6%) 3(1.5%)
Hypertension

No 179 (91.3%) 8 (4.1%)

Yes 8 (4.1%) 1 (0.5%)
Diabetes

No 183 (93.4%) 9 (4.6%)

Yes 4 (2.0%) 0
Hyperlipidaemia

No 184 (93.9%) 9 (4.6%)

Yes 3(1.5%) 0
Obesity

No 185 (94.4%) 9 (4.6%)

Yes 2 (1.0%) 0
Gout

No 185 (94.4%) 9 (4.6%)

Yes 2 (1.0%) 0
Hypothyroidism on T4 supplement

No 185 (94.4%) 9 (4.6%)

Yes 2 (1.0%) 0
History of mumps

No 177 (90.3%) 7 (3.6%)

Yes 10 (5.1%) 2 (1.0%)
Varicocele

No 185 (94.4%) 9 (4.6%)

Yes 2 (1.0%) 0
Varicocele with operation

No 186 (94.9%) 9 (4.6%)

Yes 1 (0.5%) 0
History of prostatitis

No 185 (94.4%) 9 (4.6%)

Yes 2 (1.0%) 0
Season of collection

Spring 43 (21.9%) 2 (1.0%)

Summer 47 (24.0%) 1 (0.5%)

Autumn 61 (31.1%) 6 (3.1%)

Winter 36 (18.4%) 0
Duration of abstinence (days)

0-1 1 (0.5%) 0

2-3 98 (50.0%) 2 (1.0%)

4-7 85 (43.4%) 7 (3.6%)

>7 3 (1.5%) 0

p Value

0.05
0.72

0.35

0.10

0.18

0.18
0.25

Abbreviations: NP = non-progressive motility; PR = progressive motility
* Four semen samples were azoospermia and were excluded from analysis
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Table 5. (cont’d)

Serum magnesium level (mmol/L) p Value
Sufficient (0.70-1.05) High (>1.05)
Time of liquefaction 0.21
Within 1 hour 170 (86.7%) 7 (3.6%)
1-2 Hours 17 (8.7%) 2 (1.0%)
Semen parameters

Volume (mL)
Normal 170 (86.7%) 9 (4.6%) 1
Abnormal 17 (8.7%) 0

Concentration (M/mL)
Normal 139 (70.9%) 8 (4.1%) 0.46
Abnormal 48 (24.5%) 1 (0.5%)

Motility PR (%)
Normal 65 (33.9%) 2 (1.0%) 0.50
Abnormal 118 (61.5%) 7 (3.6%)

Total motility (PR+NP) [%]"
Normal 81 (42.2%) 5 (2.6%) 0.52
Abnormal 102 (53.1%) 4 (2.1%)

Normal form (%)"
Normal 52 (27.1%) 6 (3.1%) 0.02
Abnormal 131 (68.2%) 3 (1.6%)

Table 6. Correlation between having sufficient / high serum magnesium level with morphology of sperm

and age
Variable Odds ratio (95% confidence interval) p Value
Morphology of sperm [Reference group: normal form (%)] 0.13 (0.03-0.61) 0.01
Age 1.12 (1.02-1.24) 0.02

Of note, our study shows that the majority of Chinese
participants (97.4%) had a normal serum level of folate,
contrary to western studies, and folate deficiency was rare;
hence echoing the studies by Tso and Wong*® and Lee et
al’7*, These data revealed that there is a very low incidence
of folate deficiency in Hong Kong Chinese: the Chinese
style of food consumption in Hong Kong is characterised
by a high daily intake of leafy green vegetables, in addition
to soybean, green tea, and to a lesser extent animal liver, all
of which represent rich sources of folate*>.

Among the participants, the median normal
morphology of sperm was below the normal range. It is
to be determined whether an increased dietary intake or
supplementation of magnesium can improve these semen

variables and this will be the subject of our future research.

In our study, smoking was significantly associated
with low semen volume (p=0.01). The mechanism
whereby cigarette smoking affects sperm function is not
well understood. Some studies have shown that smoking
has a detrimental effect on sperm quality, most significantly
sperm concentration, motility, and morphology*+. Since
cigarette smoke contains many substances including
nicotine, carbon monoxide, heavy metals, benzopyrene,
dimethylbenzanthracene dimethylnitrosamine, naphthalene
and metanaphtalene*®, smoking can increase inflammatory
agents and effect sperm genome and gonads and failure
in sperm-ovum fecundation and thus decrease fertility*.
Contrary to this though, some studies have shown no
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Table 7. Current smoking status and semen parameters in Chinese infertile men (n=196)

Semen parameters Current smoking status p Value
Non-smokers and Smokers
ex-smokers

Volume (mL) 0.01
Normal 132 (67.3%) 47 (24.0%)
Abnormal 7 (3.6%) 10 (5.1%)

Concentration (M/mL) 0.32
Normal 107 (54.6%) 40 (20.4%)
Abnormal 32 (16.3%) 17 (8.7%)

Motility PR (%)" 0.63
Normal 46 (24.0%) 21 (10.9%)
Abnormal 90 (46.9%) 35 (18.2%)

Total motility (PR+NP) (%) 0.54
Normal 59 (30.7%) 27 (14.1%)
Abnormal 77 (40.1%) 29 (15.1%)

Normal form (%)” 0.18
Normal 45 (23.4%) 13 (6.8%)
Abnormal 91 (47.4%) 43 (22.4%)

Abbreviations: NP = non-progressive motility; PR = progressive motility
* Four semen samples exhibited azoospermia and were excluded from analysis

association between smoking and sperm quality®!, or
sperm function.

The impact of cigarette smoking on male fertility
thus remains a highly controversial issue. Since male
smokers are very susceptible to oxidative damage induced
by free radicals, infertile men who smoke cigarettes should
be advised to quit given the potential adverse effects of
seminal oxidative stress®.

Strengths and Limitations
Our study is the first research study in a Chinese
population in our locality to examine the relationship

of serum folic acid, vitamin B, zinc, and magnesium,

12
to semen parameters in infertile couples. We have
demonstrated a significant association between serum
magnesium and sperm normal morphology. Since a
higher serum magnesium level is associated with a higher
percentage of normal sperm morphology, this will aid
in further exploration of potential treatments for male

subfertility.

There were some limitations of our study. Semen
parameters vary between samples from the same individual,

and in our study only one semen sample was collected and

184 HKIGOM 2015; 15(2)

studied from each participant. Hence it might not truly
reflect the quality of semen of the study subject. In addition
the serum micronutrient level will vary over time due to
dietary intake and physical consumption. We therefore
collected the semen and blood samples on the same day
assuming that the serum micronutrients studied were
involved in the spermatogenesis of semen samples being
analysed.

A multi-centre WHO study on the influence of
varicocele on fertility parameters demonstrated that
varicocele is associated with impaired testicular function
and infertility>®*. Whether surgery can help improve semen
quality remains controversial. One of the participants in our
study had a history of varicocele surgery and the remaining
two were identified to have varicocele upon examination
in the male subfertility clinic; since there was no routine
physical examination of men in our subfertility clinic, the

prevalence of varicocele might have been underestimated.

Conclusion
Our study is the first research study in a Chinese
population in our locality to examine the relationship of

serum folic acid, vitamin B, zinc, and magnesium to

12°
semen parameters in infertile couples. We demonstrated
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a significant association between serum magnesium and
normal morphology of sperm as well as the detrimental
effect of smoking on semen volume, contributing to
male infertility. Male factor subfertility is a multifactorial
disorder. Nutritional factors, unlike genetic factors,
can be adjusted by altering dietary intake. Whether an
improvement in normal sperm morphology following
magnesium supplementation or increased dietary intake

References

will result in an increase in pregnancy rates remains to
be established. This should further stimulate research on
nutrition and environmental factors in the pathogenesis and
prevention of fertility disorders.

Declaration
The study was funded by the Tung Wah Group
Hospitals (TWGHSs) Research Fund.

1. Leong M. Public perception on infertility and IVF — a Hong
Kong study. Available from: http://www.thewomensclinic.
com.hk/en/news/doctors/publicperception.ppt. Accessed 10
Feb 2014.

2. Mousavi SA, Masoumi SZ, Keramat A, Pooralajal J, Shobeiri
F. Assessment of questionnaires measuring quality of life in
infertile couples: a systematic review. J Reprod Infertil 2013;
14:110-9.

3. GodmannM, Lambrot R, Kimmins S. The dynamic epigenetic
program in male germ cells: its role in spermatogenesis, testis
cancer, and its response to the environment. Microsc Res Tech
2009; 72:603-19.

4. Mathur U, Datta SL, Mathur BB. The effect of aminopterin-
induced folic acid deficiency on spermatogenesis. Fertil
Steril 1977; 28:1356-60.

5. Hu JH, Li QW, Chen YL, et al. Effects of addition of
vitamin B, to the extender on post-thaw motility, acrosome
morphology, and plasma membrane integrity in bull semen.
Turk J Vet Anim Sci 2009; 33:379-84.

6. Sandstead HH, Prasad AS, Schulert AR, et al. Human
zinc deficiency, endocrine manifestations and response to
treatment. Am J Clin Nutr 1967; 20:422-42.

7. Chandra AK, Sengupta P, Goswami H, Sarkar M. Effects of
dietary magnesium on testicular histology, steroidogenesis,
spermatogenesis and oxidative stress markers in adult rats.
Indian J Exp Biol 2013; 51:37-47.

8. FangJY, Xiao SD. Folic acid, polymorphism of methyl-group
metabolism genes, and DNA methylation in relation to GI
carcinogenesis. J Gastroenterol 2003; 38:821-9.

9. Dhillon VS, Shahid M, Husain SA. Associations of MTHFR
DNMT3b 4977 bp deletion in mtDNA and GSTM1 deletion,
and aberrant CpG island hypermethylation of GSTM1 in non-
obstructive infertility in Indian men. Mol Hum Reprod 2007;
13:213-22.

10. Boxmeer JC, Smit M, Utomo E, et al. Low folate in seminal
plasma is associated with increased sperm DNA damage.
Fertil Steril 2009; 92:548-56.

11. Murphy LE, Mills JL, Molloy AM, et al. Folate and vitamin
B, in idiopathic male infertility. Asian J Androl 2011; 13:856-
61.

12. Favier AE. The role of zinc in reproduction. Hormonal
mechanisms. Biol Trace Elem Res 1992; 32:363-82.

13. Galdes A, Vallee BL. Categories of zinc metalloenzymes. In:
Sigel H, editor. Metal ions in biological systems. New York:
Marcel Dekker; 1983: 1-47.

14. Freedman LP. Anatomy of the steroid receptor zinc finger
region. Endocr Rev 1992; 13:129-45.

15. Hamdi SA, Nassif OI, Ardawi MS. Effect of marginal or
severe dietary zinc deficiency on testicular development and
functions of the rat. Arch Androl 1997, 38:243-53.

16. Madding CI, Jacob M, Ramsay VP, Sokol RZ. Serum and
semen zinc levels in normozoospermic and oligozoospermic
men. Ann Nutr Metab 1986; 30:213-8.

17. Wong WY, Thomas CM, Merkus JM, Zielhuis GA, Steegers-
Theunissen RP. Male factor subfertility: possible causes and
the impact of nutritional factors. Fertil Steril 2000; 73:435-
42.

18. Stankovi¢ H, Mikac-Devi¢ D. Zinc and copper in human
semen. Clin Chim Acta 1976; 70:123-6.

19. Hartoma TR, Nahoul K, Netter A. Zinc, plasma androgens
and male sterility. Lancet 1977; 2:1125-6.

20. Kynaston HG, Lewis-Jones DI, Lynch RV, Desmond AD.
Changes in seminal quality following oral zinc therapy.
Andrologia 1988; 20:21-2.

21. Tikkiwal M, Ajmera RL, Mathur NK. Effect of zinc
administration on seminal zinc and fertility of oligospermic
males. Indian J Physiol Pharmacol 1987; 31:30-4.

22. Omu AE, Al-Bader AA, Dashti H, Oriowo MA. Magnesium
in human semen: possible role in premature ejaculation. Arch
Androl 2001; 46:59-66.

23. Aitken RJ, Clarkson JS. Cellular basis of defective sperm
function and its association with the genesis of reactive
oxygen species by human spermatozoa. J Reprod Fertil 1987;
81:459-69.

24. Romani A, Scarpa A. Regulation of cell magnesium. Arch
Biochem Biophys 1992; 298:1-12.

25. Merker HJ, Giinther T, Hollriegl V, Vormann J, Schiimann K.
Lipid peroxidation and morphology of rat testis in magnesium
deficiency. Andrologia 1996; 28:43-51.

26. Nelson L. Cytochemical studies with the electron microscope.
I. Adenosinetriphosphatase in rat spermatozoa. Biochim
Biophys Acta 1958; 27:639-41.

27. Morisawa M, Okuno M. Cyclic AMP induces maturation
of trout sperm axoneme to initiate motility. Nature 1982;

HKJGOM 2015; 15(2)

185



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

295:703-4.

Kovacsne-Gaal K. The importance of magnesium feeding
in animal nutrition. In: Golf S, editor. Magnesium. London:
John Libbey; 1994:115-20.

World Health Organization. WHO laboratory manual for the
examination and processing of human semen. 5th ed. Geneva:
World Health Organization; 2010.

Resolution concerning updating the International Standard
Classification of Occupations. Available from: http://www.
ilo.org/public/english/bureau/stat/isco/docs/resol08.pdf.
Accessed 17 Apr 2014.

Planells E, Aranda P, Peran F, Llopis J. Changes in calcium
and phosphorus absorption and retention during long-term
magnesium deficiency in rats. Nutr Res 1993; 13:691-9.
Rayssiguier Y, Guezennec CY, Durlach J. New experimental
and clinical data on the relationship between magnesium and
sport. Magnes Res 1990; 3:93-102.

Kiss AS, Viski S, Szollosi J. Effect of magnesium therapy
on human semen and plasma Mg levels and on the volume
of the ejaculate and the number and motility os spermia:
preliminary date. Magnes Bull 1996; 18:96-9.

Viski S, Szollosi J, Kiss AS, Csikkel-Szolnoki A. Effects
of magnesium on spermatogenesis. In: Theophanides T,
Anastassopoulou J, editors. Magnesium: current status
and new developments. Dordrecht, Netherlands: Kluwer
Academic Publishers; 1997:335-9.

Zavaczki Z, Szollosi J, Kiss SA, et al. Magnesium-orotate
supplementation for idiopathic infertile male patients: a
randomized, placebo-controlled clinical pilot study. Magnes
Res 2003; 16:131-6.

Tso SC, Wong RL. Folate status in pregnant Chinese women
in Hong Kong. Int J Gynaecol Obstet 1980; 18:290-4.

Lee S, Chow CC, Shek CC, Wing YK, Chen CN. Folate
concentration in Chinese psychiatric outpatients on long-term
lithium treatment. J Affect Disord 1992; 124:265-70.

Lee S, Wing YK, Fong S. A controlled study of folate levels
in Chinese inpatients with major depression in Hong Kong. J
Affect Disord 1998; 49:73-7.

Leung SS, Ho SC, Woo J, Lam TH, Janus ED. Hong Kong
Adult Dietary Survey 1995. Department of Paediatrics, The
Chinese University of Hong Kong; Hong Kong.

Woo J, Ho SC, Mak YT, MacDonald D, Swaminathan R.
Vitamin nutritional status in elderly Chinese subjects in

186 HKIGOM 2015; 15(2)

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

chronic care institutions. Nutr Res 1989; 9:1071-80.

Koo LC, Kabat GC, Rylander R, Tominaga S, Kato I, Ho JH.
Dietary and lifestyle correlates of passive smoking in Hong
Kong, Japan, Sweden and the U.S.A. Soc Sci Med 1997,
45:159-69.

Hawkes JG, Villota R. Folates in foods: reactivity, stability
during processing, and nutritional implications. Crit Rev
Food Sci Nutr 1989; 28:439-538.

Stillman RJ, Rosenberg MJ, Sachs BP. Smoking and
reproduction. Fertil Steril 1986; 46:545-66.

Sofikitis N, Miyagawa I, Dimitriadis D, Zavos P, Sikka S,
Hellstrom W. Effects of smoking on testicular function,
semen quality and sperm fertilizing capacity. J Urol 1995;
154:1030-4.

Vine MF, Tse CK, Hu P, Truong KY. Cigarette smoking and
semen quality. Fertil Steril 1996; 65:835-42.

Merino G, Lira SC, Martinez-Chéquer JC. Effects of cigarette
smoking on semen characteristics of a population in Mexico.
Arch Androl 1998; 41:11-5.

Mak V, Jarvi K, Buckspan M, Freeman M, Hechter S, Zini
A. Smoking is associated with the retention of cytoplasm by
human spermatozoa. Urology 2000; 56:463-6.

Wong WY, Thomas CM, Merkus HM, et al. Cigarette smoking
and the risk of male factor subfertility: minor association
between cotinine in seminal plasma and semen morphology.
Fertil Steril 2000; 74:930-5.

Saleh RA, Agarwal A, Sharma RK, Nelson DR, Thomas AJ
Jr. Effect of cigarette smoking on levels of seminal oxidative
stress in infertile men: a prospective study. Fertil Steril 2002;
78:491-9.

Hoidas S, Williams AE, Tocher JL, Hargreave TB. Scoring
sperm morphology from fertile and infertile cigarette smokers
using the scanning electron microscope and image analysis.
Fertil Steril 1985; 43:595-8.

Vogt HJ, Heller WD, Borelli S. Sperm quality of healthy
smokers, ex-smokers, and never-smokers. Fertil Steril 1986;
45:106-10.

Lewin A, Gonen O, Orvieto R, Schenker JG. Effect of
smoking on concentration, motility and zona-free hamster
test on human sperm. Arch Androl 1991; 27:51-4.

The influence of varicocele on parameters of fertility in a
large group of men presenting to infertility clinics. World
Health Organization. Fertil Steril 1992; 57:1289-93.



