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Abstract

Objective: Type 2 diabetes mellitus is one of the world’s most prevalent and fatal diseases. Zinc is involved in metabolism of glucose
via its participation in insulin crystallization and signaling. This study aimed to evaluate the effect of zinc supplementation on glycemic control in type 2 diabetic patients.

Materials and Methods: The participants consisted of 200 type 2 diabetic patients attending the family medicine outpatient clinics

in Suez Canal University who were randomly assigned into two groups, intervention, and control group. The study was approved by

Ethics Committee of Suez canal University and all participant’ consent was assured. This study was carried out between April 2019
and June 2019. The intervention group received oral capsule of zinc sulphate (25 mg) daily, the second control group was given pla-

cebo, identical for 12 weeks. outcome measures consisted mainly of Glycated haemoglobin (HbA1c %) that was assessed at baseline

and after 12 weeks. Follow up visits were conducted at the 4th, 8th and 12th week from beginning of the study to check adherence to
treatment every visit by interview and pill counts.

Results: Glycated haemoglobin (HbA1c %) was significantly reduced in zinc group compared to placebo group (p = 0.008).

Conclusion: Zinc supplementation addition to routine management of adult type 2 diabetics on oral hypoglcemics only may improve
glycemic control in this short single blinded randomized controlled trial.
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Introduction
Type 2 diabetes mellitus is one of the world’s most prevalent

and fatal diseases. Type 2 diabetics represent 90% of all cases of
diabetes. Recent reports illustrate advanced increases in its global

prevalence. Two factors have been postulated as major reasons
for this rapid increase in the global prevalence of diabetes, the in-

creasingly unhealthy dietary habits, combined with lower levels of
physical activity, and increasing obesity [1].

About 425 million adults were living with diabetes in 2017;

by 2045 this will rise to 629 million. It was postulated that about

79% of adults with diabetes were living in middle and low-income

countries [2]. The International Diabetes Federation (IDF) listed

Citation: Almass Hassan, Maged Khattab, Abdelrauof El Deib, Hind Salama, Mohamed Mohamed Hassan Shora and Ismail Dahshan. “Impact of Oral
Zinc Supplementation on Glycemic Control in Type 2 Diabetic Patients: Single-blinded Randomized Controlled Trial". Acta Scientific Medical Sciences 6.1
(2022): 217-225.

Impact of Oral Zinc Supplementation on Glycemic Control in Type 2 Diabetic Patients: Single-blinded Randomized Controlled Trial

Egypt among the world top 10 countries in the number of patients

with diabetes. It is expected that the number of patients with diabetes in the Middle East and North Africa (MENA) region to grow

by 96% from year 2013 to 2035 or from 34.6 million to 67.9 mil-

lion. In Egypt, the prevalence of diabetes is around 15.56% among

adults between 20 and 79 years of age, with an annual death of
86,478 related to diabetes [3].

Zinc is an essential trace element crucial for the function of

more than 300 enzymes tthat are regulated by over two thousands

transcription factors and it is important for cellular processes like
cell division and apoptosis. Hence, the concentration of zinc in the

human body is tightly regulated and disturbances of zinc homeostasis have been associated with several diseases including diabetes mellitus [4].

Zinc is involved in metabolism of glucose via its participation

in insulin signaling, crystallization, storage and secretion. It is con-

centrated in the secretory vesicles of the beta-cells of the pancreas
where it forms an integral component of the insulin structure to
stabilize it and minimize its susceptibility to oxidative damage [5].

Whole-body level dysregulation of zinc is known to occur in

both type 1 and type 2 diabetes. However, it remains unclear as

to whether zinc deficiency causes the disease or is merely a consequence of the disease. A possible causal link between changes

in zinc homeostasis and pancreatic β cell function was suggested
in 2007 with the identification of an association between the risk

of T2DM and polymorphisms in the SLC30A8 gene, which encodes
zinc transporter ZnT8 [6].

A defect in zinc homeostasis is reported in diabetic patients, in-

cluding lower serum zinc concentrations and higher urinary zinc

excretion as compared to healthy controls. Lower serum zinc in
diabetics is associated with a decrease in insulin sensitivity and
subsequently impaired glucose utilization [7].

Some studies investigated the role of zinc as a potential adjunct

therapy in the management of type 2 diabetes mellitus; the out-

comes of such studies were conflicting. Therefore this single blind-

ed non concelaed short randomized trail aimed to evaluate the effect of zinc supplementation on glycemic control in type 2 diabetic
patients.

Methods
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Study design and participants
This was a single-blinded randomized placebo controlled clini-

cal trial (participants did not know the type of intervention). The
participants consisted of 200 patients with type 2 diabetes on oral

hypoglycemic drugs only attending the family medicine outpatient

clinics, in Suez Canal University, Ismailia, Egypt. This study was
was carried between April 2019 and June 2019.

All patients of the study given their written consent after con-

selling them for the aim of the study,and after gaining approval of

ethical committee. Inclusion criteria were patients with type 2 diabetes, aged >18 years old, attending the clinic for a routine follow-

up visit, on regular use of oral anti-diabetic drugs only, with HbAlc
concentrations of 7.5-9.5%, at baselien who were not enrolled in

similar program in the last 6 months, and not taking vitamins or

mineral supplements in previous 2 months. Exclusion criteria were

severe or uncontrolled cardiovascular disease (defined as a cardiovascular event within the last year), psychiatric disease or cognitive impairment interfering with treatment compliance, pregnancy
or lactating women.

Sampling and randomization
A sample size of 90 subjects was required to detect 0.41% differ-

ence in HbA1c at a standard deviation of 0.69 [8], with 80% power
and 5% level of significance. Considering a dropout rate of 10% the
sample size estimated as 45 subjects per group, and we extended it
to 100 per group for more rigorous statisctical inferences.

During one month period HbA1c was requested to all patients

with type 2 diabetes mellitus who attended family medicine out-

patient clinic of Suez Canal University hospital and fulfill inclusion

and exclusion criteria. Patients who had HbA1c values of 7.5-9.5%
were listed in a numerical order and were arranged alphabetically.

Total of 200 particiapnts were randomly assigned to either

group using a verified ramdom sampling technique and were blind

to the treatment given. The intervention group received oral capsule of zinc sulphate (25 mg) daily, the control group was given

placebo for 12 weeks in addition to their usual care of oral antidiabetic drugs only.
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Data collection
An initial questionnaire included socioeconomic data as age,

sex, address, educational level, occupation, medical history as diabetes duration, drug usage, diabetic complications and adherence

to recommended diet was completed from included subjects after

running pilot study on 20 patients to test validity of the questionaire.

Patients of both groups were given blindly either 25 mg of

zinc sulfate or placebo once daily for a period of 12 weeks, both
drugs were identical in formulation, shape, size, weight, texture,

and packing. Patients were allowed to ask questions regarding any
possible side effects and the degree of compliance was followed at

the 4 , 8 and 12 week from beginning of the study by patient
th

th

th

interview and pill counts; those taking 90% (e.g.25 capsules zinc

\4 weeks) of the drugs were considered compliant. Adherence to
oral anti-diabetic drugs and healthy diet was assessed by interview at every visit. Two patients (from intervention group) were

withdrawn after 8 weeks of the study as their anti-diabetic therapy
was changed to insulin. Three patients (from placebo group) were
withdrawn after 4 weeks of the study without mentioning causes.

Blood samples were collected from all patients (in both zinc and

placebo groups) before starting treatment (baseline sample) and

then after 12 weeks of treatment to monitor the change in glycated
hemoglobin (HbA1c %) as an indicator of glycemic control.
Statistical analysis

Statistical analysis was performed using Statistical Package for

the Social Sciences (SPSS V18.0). Numerical values were expressed
as mean ± standard deviation (SD). Continuous variables were
compared using the Independent-samples T test. Chi-Square test

was used to compare categorical variables between groups. P value
of <0.05 was considered statistically significant.

Results

The results of this study of the effect of oral zinc supplemen-

taion (25mg) on glycemic status of type 2 diabetic patients on oral
hypogkycemic drugs, and that was run for 12 weeks as single blind-

ed randomized clinical trial with no statistically significant difference between the two groups, regarding age, residence, duration of
illness, BMI, and Hba1c % at baseline (Table 1), and no statistically

difference between the two groups regarding type of treatment,

and adherence to treatment (Table 2), after 12 weeks of follow up,

there was statistically significant difference in outcome variable,
Hba1c %, (8.03% Vs 8.30%) in the intervention and control group
respectively, although the difference was not clinically significant.

Multiple regression analysis was done (Table 4) to study differ-

ent selected variables that was best fitting the regression model

(multiple regression coefficient R value = 0.954) and explains 91%
of variation in the outcome variable The unstandardized coeffi-

cient of the Intervention was shown to decrease the Hba1c % by
only less than 0.2% (0.17%), while adherence to treatment unstan-

dardized coefficient decreases hba1c % by 5% among other less
coefficients.

Out of 200 patients selected at the beginning of the research,

195 patients completed this study (Figure 1). Comparison of the

baseline characteristics of both groups revealed no significant differences (Table 1).

The majority of patients in the study groups used combined

metformin and sulfonylurea for treatment of their diabetes, most
of them were adherent to their oral anti-diabetic drugs (76% in
intervention versus 82.2% in control group) (Table 2). Regarding

adherence to Zinc or placebo after 12 weeks, there was no statistically significant difference between intervention and control group
(p-value = 0.756).

After 12 weeks of zinc or placebo supplementation, the reduc-

tion in the level of HbA1c in zinc group compared to that in placebo
group was significant (p = 0.008) (Table 3).

About 84% of the intervention group had better glycemic con-

trol; (decreased in HbA1C compared to baseline, while only 45%
were improved in the control group (Table 4).

After exclusion of confounders, all independent variables coef-

ficients are significantly predicted HBA1c. Unstandardized coefficients B indicates that the intervention, male gender, urban resi-

dence, adherence to treatment, and will decrease HBA1c by about
0.17%, 0.11%, 0.16%, and 0.57%, respectively. Additionally, age

and BMI will increase HBA1c by about 0.05% and 0.13%, respectively.

The multiple correlation coefficient (R value =0.976) indicates a

good level of prediction. The coefficient of determination (R2 value
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Groups
Variables
Age (years), mean ± SD

Gender, n (%)
Male

Female

Duration of diabetes (years)
Residency, n (%)
Urban

Rural

BMI (mean ± SD)

Control
(n = 100)

48.23 ± 7.57

49.95 ± 6.85

62(62%)

55(55%)

38(38%)

1.683

0.09a

82 (82%)

1.085

8.72 ± 0.62

1.487

20 (20%)

18(18%)

30.42 ± 3.03

8.85 ± 0.59

p-value

1.009

4.07 ± 1.69

80 (80%)

Test
value

45(45%)

4 ± 1.66

31.6 ± 3.19

HbA1C(%), mean ± SD

a

Interventional
(n = 100)
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0.34b

0.295

0.768a

2.702

0.007*a

0.29 b
0.14a

Table 1: Baseline Characteristics of Patients in intervention and control Groups (n = 200).

values are based on Independent-samples ttest. Statistical significance at p < 0.05.

b

values are based on chi-square test. Statistical significance at p < 0.05.
Variables

Groups

Test
value

pvalue

Interventional Control
(n = 100)
(n = 100)
Type of oral
hypoglycemic
drugs, n (%)
Metformin

Sulfonylurea

Combined
Metformin and
Sulfonylurea

Adherence to
oral anti-diabetic
drugs, n (%)
Adherent

Non-adherent

19 (19%)

27 (27%)
54 (54%)

18 (18%)

19 (19%)
63(63%)

Variable

HbA1C(%)
2.111

0.35 b

Groups

Test

Interventional

Control

(n = 98)

(n = 97)

8.03 ± 0.69

8.30 ±
0.73

p-value

value
2.66

0.008*a

Table 3: Comparison of HbA1c after Treatment with Zinc or Placebo in type 2 diabetic patients.

*Statistically significant.

a

values are based on Independent-samples ttest. Statistical signifi-

cance at P < 0.05.

justed R square (Adj. R2 value = 0.950) accurately reports that the

76 (76%)

24 (24%)

82 (82%)

18 (18%)

1.085

0.30 b

Table 2: Type of oral anti- diabetic drugs and adherence to them

regression model with chosen as independent input variables that

explain the output variable (baseline HBA1c). Durbin-Watson test

suggests that the observations are independent and not autocorrelated.

After exclusion of confounders, all independent variables coef-

in intervention and control groups (n = 200).
b
values are based on chi-square test.

ficients significantly predicted HBA1c. Unstandardized coefficients

= 0.953) that shows the independent predictors to explain 95.37%

0.11%, 0.16%, and 0.57%, respectively. Additionally, age and BMI

Statistical significance at p < 0.05.

of the variability of the dependent variable (baseline HBA1c). Ad-

B indicates that the intervention, male gender, urban residence,

adherence to treatment, and will decrease HBA1c by about 0.17%,
will increase HBA1c by about 0.05% and 0.13%, respectively.
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Coefficients a
Model
B

Unstandardized

Standardized

Coefficients

Coefficients

Std.

T

Lower

Beta

Bound

Error
1

(Con-

stant)

2.049

Inter-

-0.174

Gender

-0.110

vention
Age

.214

.032

-.129

.035

-.080

0.047

.003

Adhere

-0.569

BMI

0.128

Resi-

dence

to treatment

-0.159

9.597

<0.0001

-3.145

0.002

16.672

.062

-.288

.008

.619

-.092

<0.0001

-5.509

.504

.051

p-value

-3.093

<0.0001

95.0% Confidence
Interval for B
Upper
Bound
1.628
-.236
.041

-.178

2.470
-.112
.053

-.041

9.206

0.002

<0.0001

-.260

-.058

16.253

<0.0001

.113

.144

a. Dependent Variable: HBA1C

.447

.691

Table 4: Multiple regression analysis of variables preficting change in outcome variable after the intervention

After exclusion of age and comorbidities, all independent vari-

ables coefficients significantly predicted baseline HBA1c. Unstan-

dardized coefficients B indicates that the intervention, residence
2, higher education, and adherence to diet will decrease HBA1c by
Variable

BMI (mean ± SD)
at base line

BMI (mean ± SD)
after 12 weeks

a

about 0.08%, 3.3%, 1.30%, and 0.29%, respectively. Additionally,
female gender, employment, longer DM duration, poor adherence
to treatment and higher baseline BMI will increase HBA1c by about
7.48%, 3.84%, 1.14%, 1.20%, and 0.17%, respectively.

Groups

Intervention

Control

31.60 ± 3.19

30.42 ± 3.03

(n = 100)

30.98 ± 3.412
(n = 98)

(n = 100)

30.15 ± 3.061
(n = 97)

Test
value

p-value

2.702

0.007 *

1.806

0.032

a

Table 5: Comparison of BMI at base line and after Zinc supplementation or Placebo for 12 weeks in type 2 diabetic patients.

values are based on Independent-samples t test. Statistical significance at P < 0.05.
Body mass index comparison at baseline showed statistically

tervention and placebo group respectively), the change in BMI in

groups achieved some reduction in BMI after 12 weeks of zinc or-

was done to study the effect of oral zinc supplementation (25mg)

significant difference between the intervention group (31.6 ±
3.19) and placebo group (30.42 ± 3.03) (p = 0.007). Although both

placebo supplementation (30.98 ± 3.41 and 30.15 ± 3.061 in in-

zinc group compared to that in placebo group wasn`t statistically

significant (p = 0.0.032) (Table 5). The results of this study that

on glycemic status of type 2 diabetic patients on oral hypogkycemic
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drugs, and that was run for 12 weeks as single blinded randomized

222

changes were found in the mean HbA1c% of the control group [12].

clinical trial with no statistically significant difference between the

These results were also similar to the results of our study.

difference between the two groups regarding type of treatment,

analysis of the studies evaluating the effects of oral Zinc supple-

Hba1c%, (8.03% Vs 8.30%) in the intervention and control group

and they found that Zinc supplementation causes significant re-

two groups, regarding age, residence, duration of illness, BMI, and

Hba1c% at baseline (Table 1), and also no statistically significant
and adherence to treatment (Table 2), after 12 weeks of follow up,

there was statistically significant difference in outcome variable,
respectively, although the difference was not clinically significant.

Multiple regression analysis was done (Table 4) to study differ-

ent selected variables that was best fitting the regression model

(multiple regression coefficient R value = 0.954) and explains 91%

of variation of the outcome variable The unstandardized coefficient
of the Intervention was shown to decrease the Hba1c % by only

less than 0.2% (0.17%), while adherence to treatment unstandard-

Additionally in a comprehensive systematic review and meta

mentation in patients with diabetes mellitus, researchers summa-

rized the data from 25 studies, involving a total of 1,362 patients

duction in FBG, PPBG and HbA1c in patients with type-2 diabetes
as their results showed that post-supplementation HbA1c values

were significantly reduced in the Zinc treated groups compared
with controls. The pooled reduction of HbA1c was close to 0.6%,

a magnitude that is clinically significant [13]. These results were
compatible with the findings of the current study.

The beneficial effect of zinc supplementation in type 2 diabe-

ized coefficient decreases HbA1c % by .5% among other less coef-

tes may be explained by several molecular mechanisms which are

Discussion

reveled the insulin mimetic and hypoglycemic properties shown by

ficients.

The current study demonstrated that zinc supplementation in

believed to be involved in the regulation of blood glucose levels

following Zinc supplementation. In a study conducted on mice, it

Zinc divalent metal cation (Zn+2) complexes [14]. The protein tyro-

a dose of 25 mg/day orally for 12 weeks significantly decreases

sine phosphatase 1B (PTP 1B), a key regulator of the phosphoryla-

from 8 ± 1.4 to 7.2 ± 1.4 (p=0.04) after zinc sulphate consumption

ing peripheral insulin sensitivity, as it can potentiate insulin-stimu-

HbA1c in type 2 DM patients. These results were similar to the results of previous study stated that HbA1c was reduced significantly
for 12 weeks [9].

Also there is agreement with another study that demonstrated

a significant decrease in HbA1C (p=0.04) with zinc sulfate supple-

mentation for 12 weeks. Patients received randomly either 660mg

zinc sulfate or placebo. The mean HbA1C decreased from 8.13+2.03
to 7.35 ± 1.62 after zinc treatment. The mean of HbA1c in the placebo group decreased from 7.53 ± 0.71 to 7.46 ± 0.73 [10].

Similarly; another study in India reported that adding 50 mg

tion state of the insulin receptor is known to be a target of Zinc ions

[15]. Also studies have shown that Zinc may play a role in improvlated glucose transport [16]. Zinc acts as insulin mimetic by activat-

ing cell signaling pathways such as tyrosine, PRASA40,P38, SHP-2,
Akt, ERK1/2, GSK-3B in both human and mouse skeletal cells.

In contrary to the results of the current research, a study in

Saudi Arabia stated that while HbA1c% was reduced significantly
in zinc group (p < 0.001), it remained unaltered in placebo group

(p > 0.05). The reduction in the level of HbA1c in zinc group compared to placebo group was not sataistically significant (p > 0.05)
[17]. The discrepancy of their results and the current study may be

elemental zinc as zinc sulphate to oral anti-diabetic drugs for 12

explained on the basis that they used zinc for shorter duration (8

Also another study conducted in Iraq reported that the mean

concentration of diabetic patients did not change significantly after

zinc sulfate (30 mg of elemental zinc cap/day), while no significant

mg/dl for the placebo group (p = 0.076) [18]. The discrepancy of

weeks decreased HbA1c significantly (p = 0.0001). HbA1C decreased from 8.35 ± 0.87 to 6.91 ± 0.67 [11].

HbA1c% concentration of the zinc group decreased significantly

after 12 weeks of supplementation with oral zinc in the form of

weeks) compared to 12 weeks in our study.

In contrast to our findings, study in Korea stated that HbA1c

using 50 mg zinc gluconate daily for 4 weeks. The mean of HbA1C
was 7.69 ± 1.19 mg/dl for the zinc group compared to 8.16 ± 0.78
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their results and the current study results are expected as HbA1c
reflects 2-3 months of glycemic control.

While another study in Tunisia stated that zinc supplementa-
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cluded that Zinc may have supplementary benefits with the routine management of type 2 diabetes, however further studies on
zinc supplementation using different doses, durations, and in more
than one center are needed to reinforce present findings.

tion didn`t significantly alter HbA1c in a study done on 56 diabetic

Conclusion

their results and the current study may be due to different zinc

tation has a beneficial effect on glycemic control in type 2 diabetic

patients with HbA1c >7.5%. They were supplemented with 30 mg

zinc gluconate/day for 6 months [19]. The discrepancy between
preparation, different dosing and different intervention trials time
period.

In Chile, it was reported that 1-year of intervention with 30 mg/

day zinc supplementation has no significant change on HbA1c;
baseline HbA1c was 6.3%, 6.2% for the placebo group and intervention group respectively. HbA1c after intervention was 6.6%,

6.9% for the placebo group and intervention group respectively (p
= 0.419) [20]. These results were not similar to results of our study
as glycemic level of this study population was controlled this may
be the cause of discrepancy of the results.

The results of current study showed that oral zinc supplemen-

patients when added to other routine management.
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