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Objective: This study aims to assess whether serum vitamin D levels

are associated with fasting blood glucose and HbA 1c among adults

Keywords: with prediabetes. It will explore vitamin D deficiency as a possible
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Pakistan. Methods: This crosssectional analytical study was conducted

among 180 adults with prediabetes in Islamabad. Adults aged 25—

Corresponding Author: Ayesha Afaq 60 years were included. Prediabetes was defined by fasting blood
glucose of 100-125 mg/dL and/or HbAlc of 5.7-6.4%. Data
were collected through a structured proforma. Anthropometric
measurements were recorded, and venous blood samples were taken
after overnight fasting. Serum 25-hydroxyvitamin D, fasting blood
glucose, and HbAIlc were analyzed. Vitamin D status was
categorized as deficient, insufficient, or sufficient. Data were
analyzed using SPSS wversion 26. A pwalue of less than 0.05 was
considered significant.
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Results: The mean age of participants was 42.6 + 9.4 years.
Vitamin D deficiency was observed in 104 participants, while 48
had insufficient and 28 had sufficient vitamin D levels. Participants
with vitamin D deficiency had higher mean fasting blood glucose and
HbAlc compared with those having sufficient vitamin D levels.
Serum vitamin D showed a significant negative correlation with
fasting blood glucose and HbA Ic.

Conclusion: Vitamin D deficiency was common among adults with
prediabetes in Islamabad. Lower serum witamin D levels were
associated with higher fasting blood glucose and HbAlc. These
findings suggest that vitamin D status may be an important
supportive marker in early metabolic dysfunction. Further follow-up
studies are needed to confirm its role in diabetes Prevention.

INTRODUCTION

Prediabetes is an early metabolic condition in which blood glucose is higher than normal, but not high
enough to be diagnosed as diabetes mellitus. It is usually identified by fasting blood glucose, HbAlc, or
oral glucose tolerance test values. According to the American Diabetes Association, prediabetes includes
fasting plasma glucose of 100-125 mg/dL, HbAlc of 5.7-6.4%, or 2-hour plasma glucose of 140-199
mg/dL after oral glucose load [1]. This stage is important because it gives a warning before type 2 diabetes
develops. Many people with prediabetes do not have clear symptoms, so the condition may remain hidden
for a long time.

Pakistan is already facing a heavy burden of diabetes and prediabetes. The Diabetes Prevalence Survey of
Pakistan reported a large number of adults with abnormal glycemic status when HbAlc-based screening
was used [2]. This is important for cities such as Islamabad, where lifestyle changes, office-based work,
reduced outdoor activity, and dietary imbalance may increase metabolic risk. Prediabetes is not only a
laboratory finding. It is a stage where prevention can still work. If risk factors are identified early, many
people may delay or avoid the development of type 2 diabetes.

Vitamin D is mainly known for its role in bone health, calcium balance, and muscle function. However,
it is now also being studied for its possible role in glucose metabolism. Vitamin D receptors are present
in pancreatic beta cells and many insulin-sensitive tissues. Because of this, vitamin D may have some
connection with insulin secretion, insulin sensitivity, and inflaimmation [24,25]. Low vitamin D levels
may therefore be linked with poor glycemic control, but this relationship is still not fully clear. Some
studies show a strong association, while others show only a weak or mixed effect.

Vitamin D deficiency is very common in Pakistan, even though the country receives good sunlight during
most of the year. National and local studies have shown that vitamin D deficiency is found in different
age groups, including adults, women, and apparently healthy people [3-7]. Several reasons may explain
this problem, such as limited sun exposure, indoor lifestyle, clothing practices, poor dietary intake, air
pollution, obesity, and lack of fortified foods. A review from Pakistan also highlighted vitamin D
deficiency as a neglected public health issue that may be linked with different chronic conditions [10].
This makes vitamin D an important nutritional marker to study in relation to early metabolic disorders.
Previous research has suggested that serum 25-hydroxyvitamin D may be associated with fasting blood
glucose and HbA Ic. Studies among adults with prediabetes and diabetes have reported that lower vitamin
D levels may be linked with higher blood glucose values, higher HbAl¢, or increased risk of progression
toward type 2 diabetes [17-22]. In Pakistan, some hospital-based studies have also reported vitamin D
deficiency among patients with type 2 diabetes and poor glycemic control [8,9]. However, most local
studies have focused on diagnosed diabetes rather than prediabetes. This leaves a gap in early prevention
research.

Clinical trials and meta-analyses have explored whether vitamin D supplementation can reduce the risk
of diabetes or improve glycemic markers in people with prediabetes. The D2d trial did not show a large
overall preventive effect in all high-risk adults, but later pooled analyses suggested that vitamin D may
modestly reduce diabetes risk in adults with prediabetes [13,14]. Other meta-analyses have also reported
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possible improvement in glycemic outcomes and regression to normal glucose regulation among some
prediabetic adults [15,16,23]. Still, these findings should be interpreted carefully because vitamin D status,
obesity, baseline glucose level, dose, and population differences can affect the results.

A cross-sectional study is useful for assessing the relationship between serum vitamin D levels and glycemic
markers at one point in time. It cannot prove cause and effect, but it can show whether a meaningful
association exists in a specific population. This is important in Islamabad because adult lifestyle patterns
are changing quickly, and many people may have both low vitamin D and early abnormal glucose levels
without knowing it.

The present cross-sectional study was therefore planned to assess serum vitamin D levels among adults
with prediabetes in Islamabad, Pakistan, and to examine their association with fasting blood glucose and
HbAlc. The study focuses on vitamin D deficiency as a possible modifiable factor in early metabolic
dysfunction. Findings from this work may help support preventive nutrition research and may also guide
future screening and lifestyle-based in.

MATERIALS AND METHODS

Study Design and Setting

This was a cross-sectional analytical study conducted in Islamabad, Pakistan. The study was carried out
among adults with prediabetes who visited selected outpatient and diagnostic health facilities in
Islamabad. A cross-sectional design was used because the aim was to check the relationship between serum
vitamin D level and glycemic markers at one point in time. This design was suitable for observing whether
low vitamin D level was linked with fasting blood glucose and HbAlc among adults who were already in
the prediabetic range.

Study Duration

The study was conducted over a period of six months, from January 2025 to June 2025. During this time,
participants were screened, enrolled, examined, and their blood samples were collected for biochemical
analysis.

Study Population

The study population included adult males and females living in Islamabad. Only those participants were
included who fulfilled the diagnostic criteria of prediabetes. Prediabetes was defined according to the
American Diabetes Association criteria as fasting blood glucose between 100 and 125 mg/dL and/or
HbA1c between 5.7% and 6.4% [1].

Sample Size and Sampling Technique

A total of 180 adults with prediabetes were included in the study. The sample size was selected to provide
enough participants for comparison between different vitamin D categories and glycemic markers. A non-
probability consecutive sampling technique was used. Every participant who met the inclusion criteria
and agreed to take part in the study was included until the required sample size was completed.

Inclusion Criteria

Adults aged 25 to 60 years were included in the study. Both male and female participants were selected.
Participants were included if they had fasting blood glucose in the prediabetic range or HbAlc in the
prediabetic range. Only those adults who gave written informed consent were enrolled.

Exclusion Criteria

Participants with already diagnosed type 1 or type 2 diabetes mellitus were excluded. Pregnant and
lactating women were not included because pregnancy can affect both vitamin D status and glucose
metabolism. Patients with chronic kidney disease, chronic liver disease, malabsorption disorders, thyroid
disease, parathyroid disease, or any severe acute illness were also excluded. Participants taking vitamin D
supplements during the last three months were not included. Those using steroids, anti-epileptic drugs,
or other medicines that could affect vitamin D metabolism were also excluded.
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Data Collection Procedure

After taking permission from the relevant authorities, participants were approached in the outpatient and
diagnostic settings. The purpose of the study was explained in simple words. Written informed consent
was taken from each participant before data collection.

A structured proforma was used to collect information. The proforma included age, gender, residence,
occupation, dietary habits, sunlight exposure, physical activity, smoking status, family history of diabetes,
and use of any medicines. Sunlight exposure was asked as average time spent outdoors during daytime.
Physical activity was recorded as low, moderate, or active according to the participant’s routine.
Anthropometric measurements were taken using standard procedures. Weight was measured in kilograms
using a digital weighing scale. Height was measured in centimeters by using a stadiometer. Body mass
index was calculated by dividing weight in kilograms by height in meters squared. Blood pressure was
measured after the participant had rested for at least five minutes.

Blood Sample Collection

Participants were advised to come after an overnight fast of 8 to 12 hours. Under aseptic conditions, 5
ml of venous blood was collected from each participant by a trained laboratory technician. The blood
sample was divided into appropriate tubes for fasting blood glucose, HbAlc, and serum vitamin D
analysis. Samples were labeled carefully with study codes instead of participant names to maintain
confidentiality.

Fasting blood glucose was measured using the enzymatic method. HbAlc was measured using a standard
laboratory method suitable for glycemic assessment. Serum vitamin D was assessed by measuring serum
25-hydroxyvitamin D, which is considered the main circulating form used to assess vitamin D status [11].
Vitamin D levels were classified as deficient, insufficient, or sufficient. Serum 25-hydroxyvitamin D below
20 ng/mL was taken as deficiency, 20-29 ng/mL as insufficiency, and 30 ng/mL or above as sufficient.

Study Variables

The main independent variable was serum vitamin D level. The main dependent variables were fasting
blood glucose and HbAlc. Other variables included age, gender, body mass index, physical activity,
sunlight exposure, and family history of diabetes. These factors were included because they may affect
both vitamin D status and glycemic control.

Statistical Analysis

Data were entered and analyzed using SPSS version 26. Continuous variables such as age, BMI, fasting
blood glucose, HbAlc, and vitamin D level were presented as mean and standard deviation. Categorical
variables such as gender, vitamin D category, physical activity level, and family history of diabetes were
presented as frequency and percentage.

Participants were divided into groups according to vitamin D status. Mean fasting blood glucose and
HbA1lc were compared across vitamin D groups. Pearson correlation or Spearman correlation was used
to assess the relationship between serum vitamin D level and glycemic markers, depending on the
normality of data. Linear regression analysis was used to see whether vitamin D level was associated with
fasting blood glucose and HbA1c after adjusting for age, gender, and BMI. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

A total of 180 adults with prediabetes were included in the study. The age of the participants ranged from
25 to 60 years. The mean age was 42.6 £ 9.4 years. Out of 180 participants, 96 were females and 84 were
males. Most of the participants were overweight or obese according to their body mass index. Family
history of diabetes was also common among the study participants.

Vitamin D deficiency was found in a large number of participants. Out of the total sample, 104
participants had vitamin D deficiency, 48 had vitamin D insufficiency, and only 28 had sufficient vitamin
D levels. This shows that low vitamin D status was common among adults with prediabetes in the study
setting.
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Table 1: Baseline characteristics of study participants

Variable Frequency / Mean Percentage / SD
Total participants 180 100%
Age, years 42.6 +9.4
Male 84 46.7%
Female 96 53.3%
BMI, kg/m? 27.8 +4.6
Normal BMI 34 18.9%
Overweight 79 43.9%
Obese 67 37.2%
Family history of diabetes 102 56.7%
Low physical activity 111 61.7%
Sunlight exposure less than 20 126 20.0%

min/day

The mean serum vitamin D level of the participants was 18.9 £ 7.6 ng/mL. The mean fasting blood
glucose was 112.4 + 7.1 mg/dL, while the mean HbAlc was 6.0 + 0.3%. When participants were
divided according to vitamin D status, fasting blood glucose and HbA1c were higher in the vitamin D
deficient group as compared to the insufficient and sufficient groups.

Table 2: Glycemic markers according to vitamin D status
Fasting Blood Glucose

Vitamin D Status n Serum Vitamin D ng/mL meg/dL HbAlc %
Deficient 104 14.2 £ 3.8 1156 £ 6.4 6.2+0.3
Insufficient 48 24.6+29 110.8 +5.9 59+0.2
Sufficient 28 34.8+4.1 1069 £ 5.1 58+0.2
p-value — <0.001 0.002 0.004

Participants with vitamin D deficiency had the highest mean fasting blood glucose level. The difference
between vitamin D groups was statistically significant. HbAlc also showed the same pattern. The deficient
group had a higher mean HbAlc compared with participants who had sufficient vitamin D levels.
Correlation analysis showed a negative relationship between serum vitamin D and fasting blood glucose.
This means that as vitamin D level decreased, fasting blood glucose tended to increase. A similar negative
relationship was also observed between serum vitamin D and HbAlc. The association was stronger for
fasting blood glucose than for HbAlc.

Serum vitamin D showed a significant negative correlation with fasting blood glucose (r = -0.34, p <
0.001). It also showed a significant negative correlation with HbAlc (r =-0.29, p = 0.001). These findings
suggest that lower vitamin D levels were associated with poorer glycemic markers among adults with
prediabetes.

After adjusting for age, gender, and BMI, serum vitamin D remained significantly associated with fasting
blood glucose and HbAlc. The relationship became slightly weaker after adjustment, but it was still
statistically significant. This shows that vitamin D may have an independent association with early
glycemic disturbance, although the cross-sectional nature of this study does not prove causation.
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Figure 1. Vitamin D Status and Glycemic Profile Among Adults With Prediabetes
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Figure 1: Vitamin D Status and Glycemic Profile Among Adults With Prediabetes.

Panel A shows the distribution of participants according to serum vitamin D status. Most participants
were vitamin D deficient, followed by those with insufficient vitamin D levels. Only a smaller number of
participants had sufficient vitamin D status.

Panel B shows the comparison of fasting blood glucose and HbAlc across vitamin D categories.
Participants with vitamin D deficiency had higher mean fasting blood glucose and HbAlc values
compared with participants who had insufficient or sufficient vitamin D levels. The downward pattern
suggests that better vitamin D status was associated with more favorable glycemic markers.

Overall, the results showed that vitamin D deficiency was common among adults with prediabetes in
Islamabad. Participants with lower serum vitamin D levels had higher fasting blood glucose and HbAlc
values. These findings support the possibility that vitamin D deficiency may be linked with early metabolic
dysfunction in adults with prediabetes.

DISCUSSION

The present study showed that vitamin D deficiency was common among adults with prediabetes in
Islamabad. More than half of the participants were vitamin D deficient, while only a small proportion
had sufficient vitamin D levels. This finding is not surprising in the local setting because vitamin D
deficiency has been reported again and again in Pakistan, even in people who live in sunny cities [3,5,7].
A recent meta-analysis from Pakistan also described vitamin D deficiency as a common but neglected
health problem [4]. The high frequency in the present study may be related to indoor lifestyle, limited
direct sunlight exposure, clothing pattern, low intake of vitamin D-rich foods, and poor awareness about
vitamin D status. Similar local findings have been reported among women and adults in Karachi and
Quetta, where low sunlight exposure and household-based routines were linked with poor vitamin D
levels [6,9].

Another important finding was that participants with vitamin D deficiency had higher fasting blood
glucose as compared to those with insufficient or sufficient vitamin D levels. This pattern supports the
idea that vitamin D may be connected with early disturbance in glucose metabolism. Similar results were
reported by Bhatt et al. in North Indian adults with prediabetes, where lower vitamin D levels were
associated with higher blood glucose values [18]. Shankar et al. also found that low serum 25-
hydroxyvitamin D was associated with prediabetes among adults without known diabetes [20]. These
findings match well with the present study because the focus was not on established diabetes but on the
earlier stage, where glucose values are already abnormal but still reversible in many cases.

The study also found that HbAlc was higher in the vitamin D deficient group. Although the difference
was not very large, it was statistically significant. HbAlc reflects average blood glucose over the past two
to three months, so this finding suggests that low vitamin D may not be linked only with a single fasting
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glucose value, but also with overall glycemic exposure. Lee et al. reported a close association between
prediabetes and vitamin D deficiency, especially among women [17]. Deleskog et al. also showed that low
vitamin D predicted progression toward type 2 diabetes in individuals with prediabetes [21]. These studies
support the present finding that vitamin D deficiency may be involved in the worsening of glycemic status
before diabetes develops.

The negative correlation between serum vitamin D and fasting blood glucose was one of the main findings
of this study. As vitamin D level decreased, fasting blood glucose increased. A similar negative correlation
was also seen with HbAlc. This relationship has biological support. Vitamin D receptors are present in
pancreatic beta cells and insulin-sensitive tissues. Vitamin D may influence insulin secretion, insulin
receptor activity, calcium balance, and low-grade inflammation [24,25]. When vitamin D is low, these
mechanisms may become less efficient, which can contribute to insulin resistance and impaired glucose
control. However, this does not mean that vitamin D deficiency alone causes prediabetes. Prediabetes is
a multifactorial condition, and diet, obesity, physical inactivity, age, family history, and body fat
distribution also play important roles.

In the present study, many participants were overweight or obese, and low physical activity was also
common. These factors can partly explain the association between vitamin D and glycemic markers.
Vitamin D is fat soluble, so in obese individuals it may become trapped in adipose tissue, leading to lower
circulating vitamin D levels. Obesity itself is also linked with insulin resistance. This makes the
relationship complex. Even after adjustment for age, gender, and BMI, vitamin D still showed a significant
association with fasting glucose and HbAlc in this study. This suggests that vitamin D may have an
independent role, although the effect size should be interpreted with care.

The findings are also consistent with wider international evidence. A meta-analysis by Yu et al. reported
that low vitamin D status was associated with prediabetes [23]. Another meta-analysis showed that vitamin
D supplementation may improve some glycemic outcomes in people with prediabetes [15]. The D2d trial
did not show a strong preventive effect in all participants, but later pooled individual participant data
from randomized trials suggested that vitamin D may modestly reduce the risk of diabetes in adults with
prediabetes [13,14]. These results show that the vitamin D-glucose relationship is real, but not simple. It
may be stronger in people who are deficient at baseline, overweight, physically inactive, or already
metabolically at risk.

The public health meaning of this study is important for Islamabad and similar urban settings in Pakistan.
Prediabetes is often missed because patients may feel normal. Vitamin D deficiency is also usually silent.
When both conditions exist together, they may increase long-term metabolic risk. Screening vitamin D
in adults with prediabetes may help identify a modifiable nutritional problem. Still, vitamin D should not
be seen as a replacement for weight control, physical activity, balanced diet, and regular glucose
monitoring.

This study had some limitations. Because it was cross-sectional, it cannot prove a cause-and-effect
relationship. Vitamin D and glycemic markers were measured at one point only. Seasonal variation, exact
dietary intake, and detailed sun exposure were not measured deeply. The study was also limited to adults
from Islamabad, so the findings may not represent all regions of Pakistan. Despite these limitations, the
study adds useful local evidence and supports the need for further prospective and interventional studies.
Overall, the study showed that vitamin D deficiency was common among adults with prediabetes and was
linked with higher fasting blood glucose and HbAlc. These findings suggest that vitamin D may be an
important supportive marker in early metabolic dysfunction and should be considered in preventive
nutrition research.

CONCLUSION

This study concluded that vitamin D deficiency was common among adults with prediabetes in Islamabad,
Pakistan. Most participants had either deficient or insufficient serum vitamin D levels, showing that low
vitamin D status is still an important nutritional problem in this population.

The study also found that adults with lower vitamin D levels had higher fasting blood glucose and HbA1c
values. This suggests that vitamin D deficiency may be linked with early disturbance in glucose control.
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The negative association between serum vitamin D and glycemic markers indicates that poor vitamin D
status may be one of the factors related to early metabolic dysfunction in adults with prediabetes.
However, because this was a cross-sectional study, it cannot prove that vitamin D deficiency directly causes
poor glycemic control. Prediabetes is affected by many factors, including body weight, physical activity,
diet, age, family history, and lifestyle habits. Still, the findings show that vitamin D status should not be
ignored in people who are already at risk of developing type 2 diabetes.

Screening for vitamin D deficiency, along with regular monitoring of fasting blood glucose and HbAlc,
may help in early prevention strategies. Improving vitamin D status through safe sunlight exposure, better
diet, lifestyle changes, and medical advice where needed may support overall metabolic health.

Further large-scale and follow-up studies are recommended to confirm this relationship and to see
whether correcting vitamin D deficiency can improve glycemic outcomes in adults with prediabetes.
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