
Introduction
Hypovitaminosis D is a worldwide health problem.1 Its
deficiency is defined as serum levels of 25-hydroxy
vitamin D (25[OH]D)) less than 20ng/ml, while those
having serum levels of 25(OH)D in the range 20-29.9ng/ml
fall into the category of vitamin D insufficiency.1,2

Vitamin D deficiency has reached epidemic proportions in
South Asia, especially in Pakistan where deficiency could be
in the range of (70%-92%).3-6 Most of these reports pertain to
ambulatory patients visiting hospitals or clinics with various
illnesses.4,5 A study reported serum levels of 25(OH)D in
adults from 10 different localities in Karachi and showed an
overall prevalence of vitamin D deficiency to be 74%.7
However, these individuals were referred by their physicians
to have their vitamin D levels assessed. To the best of our
knowledge, no systematic large-scale study has been carried
out to ascertain the prevalence of vitamin D deficiency or
insufficiency in an apparently healthy general population in
Pakistan. We planned the current study to determine the
frequency of vitamin D deficiency and insufficiency in a low-
income peri-urban population in Karachi.

Subjects and Methods
The nested study was conducted from a cohort of 926
healthy subjects enrolled from the low-income,

unplanned settlement in Sultanabad area in eastern
Karachi to find out the prevalence of deficiencies of folate,
vitamin B6 and vitamin B12.8 For the parent study
(February 2006 to March 2007), a sampling frame of 4000
houses was available in this locality of a population of
about 53,000 subjects,9 and systematic random sampling
was carried out to select houses and subsequently
individuals from these houses as described in a previous
publication.10

For the nested study (September 2009 to October 2010),
858 healthy adults were included who had no acute or
chronic illness, were non-pregnant, and were not taking
vitamin D supplements for the preceding 6 months The
study was approved by the Ethics Review Committee of
the Aga Khan University, Karachi, and informed consent
was obtained from all the participants.

Demographic characteristics, education, house-hold
income and smoking statuses were determined through a
questionnaire. Blood sampling was done in fasting state
and serum levels of 25(OH) D were measured using a
commercially available kit based on
electrochemiluminescence immunoassay (Elecsys; Roche
Diagnostics, Indianapolis) at the Laboratory of Roche
Pakistan Limited, Karachi. Vitamin D deficiency was
defined as <20ng/ml, while insufficiency was defined as
20.0-29.9ng/ml.1,2 Quantitative values were expressed as
means ± standard deviation and were compared using
one-way analysis of variance (ANOVA0 followed by
Tukey's HSD test for multiple pair-wise comparisons.
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Logistic regression was used to assess the relationship of
gender with the odds of having vitamin D deficiency in
this population. P<0.05 was considered significant.

Results
Of the 858 subjects, 507(51%) were females and 351(49%)
males with an overall mean age of 32.5±10.7 years (range:
18-60 years). The mean age of males was 32.1±11.5 years
and that of females was 32.8±10.1 years and the
difference was not significant (p=0.32) (Table). Mean
serum 25(OH) D concentration in females was
significantly lower compared to males (p<0.001), while no
significant differences were observed in mean
concentration values of 25(OH) D among various ethnic
groups and groups with different house-hold income
(p=0.83; p=0.267). Mean serum concentration of 25(OH) D
was significantly lower in the group of individuals with
formal education less than middle class compared to
other groups with education higher than that level
(p<0.001). Similarly, mean 25(OH) D levels among non-
smokers were significantly lower compared to current and
previous smokers (p<0.001). A further analysis of smoking
status of subjects revealed that low mean serum level of
25(OH) D among non-smokers was primarily due to very
high proportion of females in this group. Frequency
distribution of vitamin D deficiency in males and females
was found to be 115(33%) and 386(76%), respectively,
while frequency distribution of vitamin D insufficiency in

males and females was 165(47%) and 104(21%),
respectively. Overall, prevalence estimates of vitamin D
deficiency and insufficiency in this population were
501(58.4%) and 269(31.4%), respectively. Overall,
281(80%) males and 492(97%) females were vitamin D
deficient/insufficient. A logistic regression model
employed to evaluate the relationship between vitamin D
deficiency and gender indicated that the odds ratio (OR)
of vitamin D deficiency in females was 6.69 compared to
males after adjusting for education and smoking status
[OR (95% Confidence Interval [CI])=6.69 (4.63-9.67);
p=0.001]. For determining if the addition of education
and smoking status improved the calibration of the
model, the Hosmer-Lemeshow Goodness of Fit test was
performed which was found to be insignificant, indicating
a good fit of the adjusted model (X2=3.579; df=6;
p=0.733).

Discussion
Our study found very high prevalence of vitamin D
deficiency and insufficiency in Pakistani female
population which is consistent with reported values of
vitamin D insufficiency/deficiency in a few earlier studies
carried out in Pakistan.3-7 One reported vitamin D
insufficiency/deficiency to be 95.5% in patients (n=600)
presenting themselves at various clinics in Islamabad with
some ailment,4 while our study is unique in terms of
reporting prevalence of vitamin D deficiency and
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Table: Mean serum concentrations of vitamin D with respect to demographic characteristics and smoking status of study participants.

Variable n (%) 25(OH)D (ng/ml) ANOVA
mean±SD p-value

Gender Males 351 (40.9) 24.32±7.76 < 0.0011

Females 507 (59.1) 16.94±6.91
Ethnicity Hindku/Hazara/Kashmiri 461 (53.7) 20.11±8.59 0.832

Pathan/Swati 293 (34.2) 19.74±7.67
Gilgiti/Punjabi/Others 104 (12.1) 19.92±7.20

Education No education & less than
Middle 324 (37.8) 18.33±7.31 < 0.0012

Middle 192 (22.4) 21.12±9.77
Matric 201 (23.4) 21.21±7.71
Intermediate & above 141 (16.4) 20.31±7.41

House-hold Income3 < PKR 5000 399 (46.5) 20.02±8.1 0.2672

PKR 5000-10000 358 (41.7) 19.58±8.0
> PKR 10000 101 (11.8) 21.05±8.58

Smoking Never smoked 767 (89.4) 19.41±8.09 <0.0012

Previously smoked 13 (1.5) 24.08±7.05
Currently smokes 78 (9.1) 24.63±6.91

1Ascertained by Independent samples' t-test
2Ascertained by One-way analysis of variance. Tukey's HSD test was applied where appropriate
3PKR: Pakistani rupees
25(OH)D: 25-hydroxy vitamin D
ANOVA: Analysis of variance.



insufficiency in healthy general population in Karachi.
Another study reported 94.3% insufficiency/deficiency of
vitamin D among apparently healthy adult females in
Karachi,3 but the sample size was small compared to the
present study (n=123 vs. n=858). A study in Islamabad
comprised 737 subjects.11 However, the selection of
subjects was not through randomisation, while in our
study we employed systematic random sampling strategy
to select our subjects, thus making our estimates more
robust and generalisable.10 Similarly, another study had a
large sample size (n=4, 788),7 but almost all the
individuals appeared to have been referred by their
physicians for assessment of vitamin D status for a
problem and, as such, they cannot be considered healthy
individuals, while all subjects in the present study were
from the community and were not suffering from any
chronic or acute disease.

In a recent study on Bahraini mothers, high prevalence of
vitamin D deficiency was observed in those with no
primary education compared to those with education.12

In another study carried out in Karachi, 7 out of 11 vitamin
D deficient pregnant women were found to be
uneducated, indicating higher proportion of vitamin D
deficiency among uneducated women in that cohort.13 A
similar trend has been reported in Finnish population,
where higher education was found to be associated with
higher serum levels of vitamin D compared to those with
less than 7 years of education.14 These reports point
towards the notion that educated people are more likely
to be aware of the significance of vitamin D sufficiency for
good health. This is also suggestive of an association of
vitamin D sufficiency or insufficiency with socio-
economic status of the population. Although we did
observe some association of lack of formal education and
education below middle level with low serum levels of
vitamin D, yet we did not find any association of
household income with serum levels of vitamin D in the
present cohort. Perhaps, all the subjects in the present
study belonged to the lower socio-economic strata and,
therefore, any impact of household income on vitamin D
status could have been masked.

High OR (6.69) of vitamin D deficiency among females in
this cohort compared to the males is indicative of the
vulnerability of our female population, especially those
belonging to the lower socio-economic group towards
developing vitamin D deficiency. Consumption of food
low in vitamin D, multiparity, air pollution preventing
ultraviolet (UV) rays' penetration into the skin, avoidance
of exposure to sunlight due to concern of tanning (darker
skin) and living in houses with limited open spaces could
be some of the factors contributing to low serum levels of

vitamin D in female population in Karachi settlements.15 It
is incumbent upon public health professionals to be
proactive in terms of creating awareness among the
masses towards avoiding vitamin D deficiency by
adopting healthy lifestyle and consuming vitamin D
fortified food.

The study was not without limitations. Due to limited
resources, we did not measure serum levels of parathyroid
hormone which would be expected to be high at such low
serum levels of vitamin D. Mean age of the study
population was 32.5±10.7 which is quite wide and might
have confounded some of the results. Moreover, we also
did not determine the daily exposure of subjects to
sunlight. Future studies need to address these limitations
to better quantify vitamin deficiency/insufficiency
burden. Despite these limitations, it is, perhaps, the
largest community-based study carried out in Pakistan on
vitamin D status of its healthy adult population.

Conclusion
High prevalence of vitamin D deficiency among females
in one of the peri-urban areas in Karachi points towards a
public health problem that requires attention of the
medical community and policy-makers.
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