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Summary
Objectives: To know the prevalence of vitamin D insufficiency in Ecuadorian postmenopausal women with
type 2 diabetes mellitus, and to investigate the correlation between serum levels of vitamin D, variables of
metabolic control of type 2 diabetes mellitus, markers of bone metabolism and bone mineral density. 
Design, materials and methods: Epidemiological study descriptive and cross-sectional design, carried out
between January 2012 November 2015. In 124 postmenopausal women, 96 with type 2 diabetes mellitus
and 28 without diabetes, we measured serum levels of vitamin D, glycosylated hemoglobin, HOMA-IR,
parathyroid hormone, ionic calcium, osteocalcin, urinary deoxypiridinoline and bone density.
Premenopausal women, kidney disease, type 1 diabetes, secondary osteoporosis, and those who recei-
ved treatments that affect bone metabolism, were excluded.  
We separate patients with type 2 diabetes mellitus in 2 groups: group sufficiency vitamin D (>30 ng/mL)
and group insufficiency vitamin D (<30 ng/mL). The latter group was subdivided into insufficiency (<30
ng/mL), deficiency (<20 ng/mL) and severe deficiency (<10 ng/mL). An analysis of linear correlation bet-
ween vitamin D and all variables was performed.
Results: We found a significant reduction in serum levels of vitamin D in patients with type 2 diabetes
mellitus compared with the controls (p<0,034). The group of patients with diabetes mellitus had the follo-
wing characteristics: age, 66 (13) years; body mass index, 28.5 (6.5); vitamin D, 20.9 (8.2) ng/mL; and
parathyroid hormone, 34 (21) pg/mL; 12.5% had sufficiency and 87.5% insufficiency of vitamin D; among
these, 44 had insufficiency, 36 deficiency and 4 severe deficiency. There is a significant correlation bet-
ween VD, age (p=0,036) and lumbar bone density (p=0,031). We found no correlation between vitamin
D and the variables of metabolic control of diabetes.
Conclusions: We found a high prevalence of vitamin D insufficiency in the Ecuadorian postmenopausal
women with type 2 diabetes mellitus.
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Introduction
Type 2 diabetes mellitus (T2DM) is a worldwide
epidemic. The International Diabetes Federation
(IDF) predicts that the current figure of 415 million
patients affected with diabetes will increase to 642
million by 20401. In Ecuador, the prevalence of
T2DM in the age-adjusted population is 9.2%,
according to 2015 IDF estimates1.

Vitamin D deficiency has been linked to a wide
range of health problems, including various can-
cers and autoimmune or metabolic diseases, such
as type 1 diabetes mellitus and T2DM2.

Current studies confirm that the prevalence of
vitamin D deficiency in the general world popula-
tion is actually as high as 50-80%3, even occurring
in countries located in geographical areas which
receive sunshine year-round.

Although the high prevalence of hypovitami-
nosis D has been considered a serious public
health problem in Latin America and the
Caribbean, the precise extent of the problem is
not known due to the lack of information in the
general population4.

Previous studies have described a high rate of
vitamin D deficiency in the general population5.
However, few have reported the status of vitamin
D in patients with T2DM. The prevalence of vita-
min D deficiency or insufficiency in patients with
T2DM varies from 70 to 90%6-8, depending on the
threshold used to define vitamin D deficiency or
insufficiency.

In Ecuador, the status of serum vitamin D
levels in the general population has recently been
described9, but not in patients with T2DM. This
study was conducted to determine the prevalence
of vitamin D insufficiency in Ecuadorian postme-
nopausal women with T2DM and to investigate
whether there is a correlation between serum
levels of vitamin D, markers of bone metabolism,
bone density, and metabolic control variables of
T2DM.

Material and methods
Population group and study design: a descriptive
and cross-sectional epidemiological study was
carried out to determine the prevalence of hypo-
vitaminosis D in the period from January 2012 to
November 2015 at the Teaching Hospital of the
Guayaquil National Police Nº 2 (HDPN-G2).

The city of Guayaquil, located on the Pacific
coast (2º11'00''S), encompassing an area of 345
km2, is the most populated city in Ecuador.
According to the most recent (2010) Census of
Population and Housing data, provided by the
National Institute of Statistics and Censuses of
Ecuador, Guayaquil has 16% of the country's total
population10.

The study protocol was approved by the
HDPN-G2 Ethics and Research Committee. All
patients signed informed consent before participa-
ting in the study.

The study included 2 groups of postmenopau-
sal women residing in Guayaquil. One group
included those who were undergoing their T2DM

check-up in the endocrinology office. The other
group was comprised of those who attended for a
routine review for non-diabetes related medical
problems in the Internal Medicine practice of
HDPN-G2 (control group: Non T2DM). Serum
levels of 25(OH) were measured as well as total
vitamin D (including D3+D2), glycosylated hemo-
globin (HbA1c), parathyroid hormone (PTH),
ionic calcium in 96 postmenopausal women with
type 2 diabetes mellitus and in 28 non-DM2 con-
trols, osteocalcin, and deoxypyridinoline in urine.
We also conducted basic biochemistry tests in
serum: creatinine, complete blood count, fasting
blood glucose, liver enzymes, serum lipids, and
proteinogram.

Premenopausal patients with a history of keto-
acidosis, type 1 diabetes mellitus and nephro-
pathy, and those receiving medications that affect
bone metabolism (bisphosphonates, estrogens,
calcium, anabolic steroids or other male or female
hormones) were excluded.

Diagnosis of type 2 diabetes
We followed the international criteria for diagno-
sing T2DM11, which considers the disease to be
present if at least one of the following criteria are
met: (1) FPG (fasting plasma glucose) ≥126
mg/dL; (2) HbA1 ≥6.5%. Patients with T2DM recei-
ved various combinations of treatments for their
metabolic control: metformin, insulin, DPP4 inhi-
bitors, and diet. The duration of T2DM was esta-
blished based on the dates recorded in the patien-
t's clinical history and/or self-referral.

Classification of vitamin D levels
Normal values of serum vitamin D are defined as
those from 30 to 76 ng/mL2. Patients were divided
into 2 groups according to the serum vitamin D
level: sufficiency group (≥30 ng/mL) and failure
group (<30 ng/mL)5.

The latter group was divided into 3 subgroups:
insufficiency (<30 ng/mL), deficiency (<20 ng/mL)
and severe deficiency (<10 ng/mL)6.

Serum ionic calcium was measured after 12
hours of fasting and without tourniquet, under
anaerobic conditions, by direct measurement with
selective ion electrode (NOVA-8 equipment), with
reference values 4.5-5.6 mg/dL.

Parathyroid hormone PTH (intact molecule)
was measured with SIEMENS Immulite 2000
(enzyme-labeled two-site solid-phase chemilumi-
nescent immunometric assay), whose reference
value is 12-72 pg/mL. The intra-assay precision
performance had a coefficient of variation of 5.7,
4 and 4.2% for concentrations of 72, 258 and 662
pg/mL, respectively, and an inter-assay coefficient
of variation of 6.3 and 8.8% for 54 and 387 pg/mL
concentrations, respectively. The limit of detection
is 3.0 pg/mL and a linearity up to 500,000 pg/mL
without Hook effect.

Serum level of total 25(OH) vitamin D (D3+D2)
was measured by chemiluminescence, with refe-
rence values 30-70 ng/mL (Centauro kit; competi-
tive 1-step assay with fluoroscein-marked anti-
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body).  Total precision performance had a coeffi-
cient of variation of 11.1, 9.6, 9.8, 8.2, 7.8, 4.8% for
concentrations of 11.7, 18.0, 32.4, 49.9, 55.8, 132.1
ng/mL respectively, a detection limit of 3.2 ng/mL
and a linearity up to 150 ng/mL. Renal function
integrity was recorded in all cases by measuring
serum creatinine levels and calculating endoge-
nous creatinine clearance expressed in ml/ml (for-
mula corrected for age, sex, weight and serum cre-
atinine):

[(140 – age in years) x weight (kg)] / [(72 x
serum creatinine (mg/dL) and in women x correc-
tion factor 0.85].

Glycosylated hemoglobin in EDTA whole
blood was measured by HPLC assay (diagnostic
value, >6.5%). Osteocalcin, by electrochemilumi-
nescence, ROCHE MODULAR E-170 (reference
values for postmenopausal women: 20-48 ng/mL).
Deoxypyridinoline (DPD) in urine, by chemilumi-
nescence, whose total precision performance
shows a coefficient of variation of 12.0, 11.0, 7.1,
6.3 and 4.3% for concentrations of 25, 32, 78, 120
and 275 nM, respectively (reference values: 3-7.4
nM DPD/mM creatinine).

Bone mineral density (BMD) in the lumbar
spine (L2-L4) and femoral neck were determined
by dual energy X-ray absorptiometry (DXA:
Hologic Discovery), and the data were expressed
as T-score units. As no reference values were avai-
lable for the Ecuadorian population, the NHANES
North American reference values were used.

Data analysis
Data on demographic and biochemical variables
are expressed as median and interquartile range.
To compare the clinical and biochemical characte-
ristics between groups, the Wilcoxon signed-rank
test was used. A linear correlation analysis
(Spearman's coefficient) between vitamin D and
all other variables was performed. Statistical signi-
ficance was considered with values of p<0.05. The
prevalence of hypovitaminosis D was calculated
as the number of existing cases divided by the
total population screened and expressed as a pro-
portion of every 100 adults. All analyzes were
carried out using Epidata software version 4.2. The
confidence intervals of the Spearman correlation
coefficient were calculated using the Stata softwa-
re version 14.2 (2016).

Results
Demographics of cases and controls
There were no differences between the two
groups (T2DM versus non- T2DM) in terms of age,
body mass index (BMI), intact PTH, osteocalcin,
urinary deoxypyridinoline, and BMD in the lum-
bar region or femur. The groups presented signifi-
cant differences in the variables of metabolic con-
trol: the HOMA-IR index (p=0.002) and glycosyla-
ted hemoglobin (p<0.001). Serum vitamin D levels
were significantly lower (p<0.034) in the T2DM
group. 

Demographic data and characteristics of cases
and controls are presented in table 1.

Severity and extent of vitamin D deficiency
In the T2DM group we found a significant reduc-
tion in serum vitamin D levels: 12.5% (95% CI=5.3-
19.6) of the cases had vitamin D sufficiency (n=12)
and 87.5% (95% CI=80.3-94.6) had vitamin D
insufficiency (n=84), of which 52% (95% CI=51.1-
63.6) (n=44) had insufficiency; 42% (95% CI=31.7-
54) (n=36), moderate deficiency and 4.8% (95%
CI=1.3-11.7) (n=4) severe deficiency. In the non-
T2DM group, 67.8% (95% CI=48.8-87) (n=19) had
vitamin D sufficiency and 33% (95% CI=13-51)
(n=9) had insufficient vitamin D. Figure 1 shows
the frequency distribution of vitamin D levels in
postmenopausal women with DM2.

There were no differences in the T2DM group
between subgroups of patients with adequacy and
that of patients with vitamin D insufficiency in
terms of age, BMI, HbA1c, PTH, ionic calcium,
osteocalcin, urinary deoxypyridinoline, or bone
mineral density. The subgroup with vitamin D
insufficiency presented a higher HOMA-IR than
that with sufficiency, although it did not reach sta-
tistical significance (p=0.093). Table 2 shows the
demographic data, metabolic variables, bone den-
sity and vitamin D status in patients with T2DM.

Correlation between vitamin D, markers of bone
metabolism and variables of metabolic control of
T2DM
We found a slight but significant correlation bet-
ween vitamin D and age (r=-0.21, p=0.03) but not
with BMI and the metabolic control variables of
T2DM (glycosylated hemoglobin, HOMA-IR
index), nor with markers of bone remodeling
(PTH, ionic calcium, osteocalcin, deoxypyridinoli-
ne). There is a slight (r=0.22) but significant corre-
lation between vitamin D and bone density in the
lumbar region (p=0.03), but not with femoral neck
BMD. Table 3 shows the correlation coefficients
between vitamin D, markers of bone metabolism
and metabolic control variables of DM2.

Discussion 
The high incidence of T2DM worldwide1 and the
accumulated evidence on the status of vitamin D
under different conditions2 make it extremely
important to determine the relationship between
vitamin D and diabetes mellitus.

To our knowledge, this is the first study con-
ducted in Latin America, which establishes the
prevalence of hypovitaminosis D in postmenopau-
sal women with T2DM.

Hypovitaminosis D appears to be a prevalent
phenomenon in populations around the world, in
which they influence the type of ethnicity, sex,
body mass index, traditional dress, nutrition, con-
sumption of vitamin supplements and level of
urbanization5.

Most epidemiological information on hypovita-
minosis D in the world population comes from
studies in Europe, the Middle East, India, and
Asia3,5, with few studies in our region4,9.

Choosing the cut-off point to define vitamin D
deficiency in the population remains a controver-
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sial issue. Some consider levels >30 ng/mL to defi-
ne sufficiency, while others set adequate levels of
20 ng/mL. According to the definition of the
Endocrine Society (USA), vitamin D values below
20 ng/mL are considered deficient, and values bet-
ween 21 and 29 ng/mL are insufficient2. According
to these cut-off points, it is estimated that 20 to
100% of elderly men and women have vitamin D
deficiency in the United States, Canada and
Europe13.

In 3 studies conducted in Latin America, a
cutoff point of <20 ng/mL14-16; and in another <20
and <30 ng/mL for deficiency and insufficiency,
respectively9.

With a cutoff <20 ng/mL, the prevalence of
vitamin D deficiency among women in Santiago
de Chile is 60%14. In Argentina, the prevalence of
vitamin D deficiency varies from 73% in southern
cities to 50% in northern cities15, and in Brazil it is
17%, much lower than in previous series16.

Table 1. Demographic data and characteristics of the 2 study groups

Figure 1. Distribution of vitamin D frequency frequencies in postmenopausal women with T2DM

T2DM n=96 No T2DM n=28 p

Age (years) 66 (13) 65 (15.5) 0.569

Body mass index (kg/m2) 28.5 (6.5) 28.4 (1.8) 0.909

HOMA-IR 4.22 (5.7) 3 (2.3) 0.002*

Glycosylated hemoglobin (%) 6.4 (2.2) 5.8 (0.6) 0.0001*

Vitamin D (ng/mL) 20.9 (8.1) 25.18 (12.3) 0.034*

PTH intact (pg/mL) 34 (21.5) 36 (30.7) 0.445

Ionic calcium (mg/dL) 4.9 (0.32) 4.91 (0.21) 0.792

Osteocalcin (ng/mL) 15.34 (10.26) 15.34 (10.3) 0.171

Deoxypyridinoline (nM DPD/mM Cr) 6.5 (2.7) 5.5 (3.07) 0.28

Lumbar spine BMD (T-score) -1.5 (2.2) -1.4 (1.8) 0.971

BMD femoral neck (T-score) -1.5 (1.5) -1.4 (2.2) 0.692

*p<0.05 (Wilcoxon Signal Range Test). Data are expressed as medians and interquartile range. T2DM: type 2
diabetes mellitus; HOMA-IR: Homeostasis Model of Assessment-Insulin Resistance Index; PTH: parathyroid hor-
mone; BMD: bone mineral density.
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In Ecuador, a recent study9 in the elderly popu-
lation has described a prevalence of vitamin D
insufficiency and deficiency of 68 and 22%, respec-
tively. Despite the abundant natural light throughout
the year, this condition varies considerably among
the different regions and zones of our country. It is
more frequent in older women, the inhabitants of
the Andean region and the indigenous race9.

The prevalence of vitamin D deficiency or
insufficiency in patients with T2DM also depends
on the threshold used to define it. In our study,
vitamin D insufficiency was defined as a vitamin D
level <30 ng/mL, which is in accordance with the

recommendation of the International Osteoporosis
Foundation5,17.

In general, the prevalence of hypovitaminosis
D in patients with T2DM reported in international
series is high. In a previously published study,
74.6% of patients with T2DM had D hypovitami-
nosis8. In another, prevalence (cutoff <20 ng/mL)
was more frequent in diabetics compared to con-
trols (83% vs 70%, p=0.07)7. In a more recent
study, prevalence was greater in diabetic patients
than in control subjects (90% vs 83%, p<0.01)18.
Data on hypovitaminosis D in patients with T2DM
are not available in Latin America.

Table 2. Demographic data, metabolic variables, bone density and vitamin D status in patients with T2DM

Table 3. Correlation between vitamin D, markers of bone metabolism and variables of metabolic control of DM2

*p<0.05 (Wilcoxon Signal Range Test). Data are expressed as medians and interquartile range. T2DM: type 2
diabetes mellitus; HOMA-IR: Homeostasis Model of Assessment-Insulin Resistance Index; PTH: parathyroid hor-
mone; BMD: bone mineral density.

Sufficiency VD (n=12) Insufficiency VD (n=84) p

Age (years) 61 (22.5) 66 (11.5) 0.272

Body mass index (kg/m2) 26.97 (10.7) 28.69 (5.8) 0.720

HOMA-IR 3.26 (6.7) 4.28 (5.1) 0.093

Glycosylated hemoglobin (%) 7.25 (3.5) 6.4 (2.3) 0.284

Vitamin D (ng/mL) 34.59 (7.1) 20.23 (7.4) 0.002*

PTH intact (pg/mL) 34.5 (20.5) 34 (23) 0.583

Ionic calcium (mg/dL) 4.98 (0.25) 4.9 (0.32) 0.410

Osteocalcin (ng/mL) 13.99 (10.7) 15.3 (10.3) 0.480

Deoxypyridinoline (nM DPD/mM Cr) 6.35 (4.02) 6.56 (2.67) 0.646

BMD lumbar spine (T-score) -1.40 (2.8) -1.50 (2.23) 0.724

BMD femoral neck (T-score) -1.00 (2.85) -1.50 (1.40) 0.875

r IC 95% p 

Age (years) -0.215 -0.4 a -0.015 0.036*

Body mass index (kg/m2) -0.113 -0.313 a 0.098 0.294

HOMA-IR 0.097 -0.124 a 0.309 0.388

Glycosylated hemoglobin (%) -0.024 -0.245 a 0.200 0.838

Ionic calcium -0.042 -0.245 a 0.156 0.654

PTH intact (pg/mL) 0.18 -0.021 a 0.368 0.079

Osteocalcin (ng/mL) -0.052 -0.25 a 0.15 0.617

Deoxypyridinoline (nM DPD/mM Cr) -0.149 -0.353 a 0.069 0.179

BMD lumbar spine (T-score) 0.221 0.021 a 0.404 0.031*

BMD femoral neck (T-score) 0.155 -0.047 a 0.345 0.131

*p<0.05; r: Spearman correlation coefficient; 95% CI: 95% confidence interval; T2DM: type 2 diabetes mellitus;
HOMA-IR: Homeostasis Model of Assessment-Insulin Resistance Index; PTH: parathyroid hormone; BMD: bone
mineral density.
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The results of the present study are similar to
those of recent studies in non-Latin American popu-
lations, which demonstrated a high prevalence of
hypovitaminosis D in patients with T2DM6,19-21.

It is unclear whether vitamin D deficiency and
poor glycemic control are causally related or
represent two independent features of T2DM.
Previous studies have reported inconclusive
results regarding the association between vitamin
D status and HbA1c22. In our study, vitamin D-defi-
cient women had lower levels of HbA1c compa-
red to those who had sufficiency, although this
did not reach statistical significance. This adds to
the evidence that the vitamin D status is not asso-
ciated with the metabolic control variable HbA1c. 

An inverse association has been reported bet-
ween serum vitamin D levels and BMI >30, and
therefore, obesity would be associated with vita-
min D deficiency23. In postmenopausal women
with T2DM, obesity is also considered a risk fac-
tor for vitamin D deficiency20. However, our data
do not confirm previous reports of a negative
association between vitamin D and BMI. In con-
trast, in our sample cases and controls were not
different in their BMI, although both groups were
overweight. 

The main finding of this cross-sectional study is
the high prevalence (85.7%) of vitamin D insuffi-
ciency (<30 ng/mL) in patients with T2DM, with
an average vitamin D level of 22 ng/mL. However,
this value is higher than the average vitamin D
reported for patients with diabetes and obesity in
other series in Africa and Asia (16 to 17 ng/mL)24,25

and similar to a sample of patients in the United
States (23 ng/mL)26. 

In Ecuador, there is no definite four-season
separation as in the northern and southern hemis-
pheres. The city of Guayaquil, where this study
was conducted, is located on the coast of the
Pacific (2º11'00"S), and its inhabitants enjoy open
skies, warm weather and sunlight throughout the
year, their garments of clothing are light and expo-
se much of their skin. 

The results of this study contradict the assump-
tion that abundant exposure to sunlight throug-
hout the year reduces the risk of hypovitaminosis
D. The discrepancy between our results and out-
comes in other ethnic groups may reflect racial
differences, lifestyle factors (physical inactivity,
limited sun exposure) and/or insufficient intake of
vitamin D, or all. 

Vitamin D deficiency is associated with an
increased risk of fracture27, and is associated with
diffuse muscular pain, muscle weakness and incre-
ased risk of falls28,29. However, despite the increased
risk of fracture, bone mineral density is generally
higher in patients with T2DM30. In our study, we
did not investigate the prevalence of fragility frac-
tures, so we cannot confirm this evidence. 

Previous studies indicate that even a slight
reduction in serum vitamin D levels may be asso-
ciated with secondary hyperparathyroidism, incre-
ased remodeling, and accelerated bone loss,
which increase the risk of bone fractures31. In the

present study, intact PTH and ionic calcium levels
were within the normal range, so our results do
not confirm the association between vitamin D,
PTH and calcium that has been described in the
literature. 

There are some strengths and limitations rela-
ted to the present study. Although the sample of
population was relatively small, we were able to
compare it with a control group, which allows us
to establish inferences with the general popula-
tion. 

The present study does not provide data that
could explain the higher prevalence of hypovita-
minosis D in patients with T2DM. 

It is generally accepted that vitamin D levels
vary with daily activity and exercise level. In our
study we do not consider these variables, and
although in our country we only have one dry sea-
son and one rainy season, we do not know if in
our population the measured variables are modi-
fied with the time of year. 

The prevalence of hypovitaminosis D in the
general population has been overestimated due to
improper use of a high cut-off point for vitamin D.
Geographic latitude with a large amount of sun-
light exposure or low calcium consumption9,
which generally occurs in Ecuador, will undoub-
tedly affect the cut-off point for the development
of vitamin D deficiency. In this sense, the cut-off
point chosen to define vitamin D insufficiency
may not be adequate for our predominantly mes-
tizo population, using the one for predominantly
Caucasian populations, as these values vary
widely even from region to region12. 

Considering that in this sample the average
vitamin D was very close to 20 ng/mL, further stu-
dies are required to evaluate the adequacy of the
vitamin D cutoff points chosen in Ecuadorian
women with T2DM. In this study, a lower cutoff
point for vitamin D normality would undoubtedly
have resulted in a much lower prevalence of
hypovitaminosis D. 

Despite these limitations, the present study is
the first to report the prevalence of vitamin D
insufficiency among Ecuadorian postmenopausal
women with T2DM, and allows us to infer that this
prevalence is higher in patients with T2DM than in
the population without T2DM. 

In conclusion, our study found that vitamin D
deficiency was significantly more frequent among
Ecuadorian postmenopausal women with T2DM
compared to those without T2DM. 

Our data indicate that the availability of abun-
dant sunlight is not sufficient for the prevention of
vitamin D deficiency. This warns us of the risk of
hypovitaminosis D in the diabetic population,
regardless of geographical location. 

The high prevalence of hypovitaminosis D in
postmenopausal women with T2DM highlights the
need for prospective studies to evaluate the
impact of vitamin D supplementation on glucose
metabolism. Additional studies should clarify the
relationship between hypovitaminosis D and oste-
oporosis in patients with T2DM. 
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The results of our study may help the countr-
y's public health authorities implement vitamin D
supplementation policies, especially among the
population at risk of this condition. 
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