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ABSTRACT… Objectives: To evaluate the effects of zinc on glycemic control and lipid profile 
in type 2 diabetic patients. Study Design: Randomized Controlled study. Setting: Combined 
Military Hospital (CMH) Malir Cantt, Karachi. Period: 1st December 2018 to 30th June, 2019. 
Material & Methods: Patients (n=350) were randomly divided into two groups. The first group 
(n=175) was supplemented with oral zinc sulfate 30 mg/day and second group (n=175) 
received placebo for a period of 3 months. Blood samples were taken at baseline and after 
3 months to assess fasting blood glucose (FBS), glycosylated hemoglobin (HbA1C %) and 
serum lipid levels and BMI which were compared by t test for paired samples. Results: The 
mean age of all subjects was 51.80+10.281 years and male to female ratio was 1.08:1. The 
mean BMI was 31.74+5.806. There was no statistical difference in age and gender between 
two groups but more obese patient received placebo. The zinc supplemented group had a 
significant reduction in FBS (p= 0.032) compared to placebo (p= 0.158). The HbA1C% level 
reduced significantly in zinc supplemented group (p<0.001).compared to the placebo group 
(p=0.273). Serum lipid levels reduced significantly in the zinc supplemented group (p<0.001) 
but no significant changes observed in the placebo group (p=0.395). Conclusion: Zinc 
supplementation improved glycemic control and decreased levels of serum cholesterol, LDL 
and triglyceride.
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INTRODUCTION
Diabetes mellitus (DM) (Type 2) is an important 
health issue worldwide as it increased the 
morbidity and mortality. The worldwide prevalence 
of DM is 8.5% and it is expected that 300 million 
people will be affected by DM by the year 2030.1 
The overall prevalence of type 2 DM in Pakistan is 
10%.2 There are so many factors, which affect the 
glycemic control in diabetic patients. One study 
demonstrated that male gender, increasing age 
and longer duration of DM were associated with 
poor glycemic control.3

  
Trace elements are important for human body 
as they play their role in body structure and 
work as co factor for many enzymes to control 
the metabolism. They also reduce oxidative 
stresses. The alteration of trace element 
increases oxidative stress in human bodies 

which may lead to complications in diabetic 
patients. Previous literature demonstrated that 
trace element deficiency was associated with 
DM. it was reported that trace elements have role 
in decreasing blood sugar by increasing insulin 
secretion and reducing its resistance. These trace 
elements are chromium, magnese, molybdenum, 
selenium and zinc.4

Zinc is important trace element which plays 
essential role in oxidative stress in the human 
body by working as antioxidant. Zinc is the 
part of copper zinc superoxide dismutase and 
many metallothioneins which are the important 
antioxidant system of human body.5

Previous literature revealed that DM was 
associated with low zinc level. Either DM occurred 
due to zinc deficiency due to more oxidative stress 
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or DM caused zinc deficiency by poor absorption 
or due to overuse, the cause relationship not yet 
established6 so this deficiency can be counter 
balance by zinc replacement as it revealed 
in previous studies to have health benefits in 
healthy individuals and also in diabetic patients 
as previous research demonstrated protective 
effect of zinc for diabetes.7

A meta-analysis and systematic review by 
Jayawardena et al demonstrated beneficial effect 
of zinc supplements on glycemic control.8

Another meta-analysis done by Capdor et al on 
zinc supplement in diabetic patients also revealed 
the zinc supplement reduced the fasting blood 
sugar and overall glycemic control improved by 
decreasing HbA1c.9

Both of these meta-analysis and systematic reviews 
demonstrated the benefit of zinc supplements in 
diabetic patients but they included small studies 
and the magnitude of decreasing fasting blood 
sugar was 0.5-1 mmol/dl and for HbA1c was only 
0.6% which is statistically significant but clinical 
implication is difficult. In addition to that some 
studies were single blind placebo controlled 
studies which may have some bias. 

Lipid abnormalities are common and usually 
asymptomatic and not known to diabetic patients 
and their care giver until properly investigated. The 
impact of lipid abnormalities on macrovascular 
complication was studies and it was found 
that it increased the cardiovascular morbidity 
and mortality.10 The literature demonstrate that 
supplement of zinc not only improve the glycemic 
control but also had positive effect on lipid 
abnormalities. A study done by Afkhami-Ardekani 
revealed that zinc supplementation reduced 
total cholesterol and triglyceride level in diabetic 
patients.11

Another study also revealed the same results like 
reduction in total cholesterol, LDL cholesterol and 
triglycerides by zinc supplement.12

There are certain studies done previously  and 
revealed the beneficial effects of zinc on glycemic 

control and lipid profile in diabetic patients as 
mentioned above, but still  zinc diet or zinc 
supplement is not established  in the management  
of type 2 DM in guidelines may be due to small 
studies or single blind placebo controlled studies. 
Therefore we conducted a double blind placebo 
controlled trial in 350 diabetic patients to evaluate 
effect of zinc on glycemic control and lipid profile.

This study was done to investigate the benefit of 
zinc on glycemic control and lipid profile in type 2 
diabetic patients. 

Our objective of the study was to demonstrate 
effect of zinc supplement on blood glucose and 
lipid profile in type 2 diabetic patients.

We had hypotheses that zinc would have beneficial 
effect in type 2 diabetic patients in regards of 
glycemic control and would have beneficial effect 
on the lipid abnormalities.

MATERIAL & METHODS
This double blind randomized controlled trial 
was done at Medical OPD at Combined Milatary 
Hospital (CMH) Malir Cantt Karachi, over a period 
of six months from 1st December 2018 to 30th 
June, 2019. Three hundred and fifty type 2 diabetic 
patients, who fulfilled the inclusion criteria, were 
divided in to two groups, the first group received 
zinc sulphate (ZnSO4) 30mg once daily for 3 
months and was given name of intervention 
group while other group was given starch tablet 
as placebo for 3 months and named as control 
group. The selections of patients were done on 
randomized basis. The randomization was done 
manually as to take every 2nd patient fulfilling 
the inclusion criteria for intervention and every 
3rd patient fulfilling inclusion criteria for control 
group. Before starting the study all base line 
investigations such as CBC, FBS, HBA1c, serum 
urea and creatinine, LFT, s Lipid profile and BMI 
was done. The zinc sulphate tablet (intervention) 
and starch tablet (placebo) were labeled as 
IN001 and IN002 respectively. The prescribers 
and patients were not aware that what tablet they 
are prescribing or receiving (double blind study). 
The full course of these medications was given at 
recruitment and possible side effects like nausea, 
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vomiting or diarrhea were explained and in case 
of any side effect patients were asked to report 
Medical OPD personally or to call investigators 
(the mobile numbers of investigators provided to 
all patients). The starch tablets were manufactured 
locally and purchased from medicine market. 

The sample size was calculated by the formula 
available on survey monkey website13, by putting 
population 100,000, confidence interval 90% and 
margin of error 5%. The total number was 269. 
Considering that 20% of the subject would have 
negative response by type 2 error so the sample 
size calculated as minimum number of 323 
subjects with power of study 80%.

All patients above age of 30 years or above with 
type 2 diabetes mellitus presented to Medicine 
OPD at Combined Military Hospital (CMH) Malir 
Cantt Karachi were included in the study.

All Pregnant patients, Patients with heart failure, 
liver failure or renal failure, Patients taking diuretics 
and other drugs and already taking multivitamin 
or mineral supplements were excluded from 
study.

All patients, after informed consent and approval 
from ethical committee, went through history 
taking (demographic data collection), examination 
(specially neurological and fundus examination) 
and laboratory investigation like fasting blood 
sugar (FBS), Glycosylated hemoglobin (HbA1c), 
lipid profile, liver function test, urea and creatinine, 
ray chest, electrocardiography, FBS, HbA1c and 
lipid profile were done at baseline and repeated 
after 3 months.

HbA1c was done on auto analyzer and reference 
range was 5.7%-6.4%. FBS and the lipid profile  
was done on auto analyzer and reference range 
was 80mg/dl-100mg/dl and  for total cholesterol, 
LDL,HDL  and Triglycerides were < 200mg/
dl, < 100mg/dl, > 40mg/dl and < 200mg/dl 
respectively. 

All patients tolerated the ZnSO4 and placebo and 
did follow up. Those who did not come for follow 
up were contacted on their mobile phones and 

facilitated for follow up. The compliance of intake 
of ZnSO4 or placebo was 100%. There was no 
reported side effect of nausea, vomiting, diarrhea 
or any other complaint. 

All patients (350 patients) were analyzed using 
software SPSS version 22 (IBM). The chi square 
was applied for qualitative data and student t 
test for unpaired samples was used to compare 
placebo group with ZnSO4 group. The t test 
for paired samples was used in both groups 
separately to compare baseline and 3 months 
results of FBS, HbA1c and lipid profile. The p 
value <0.05 was considered significant.

DEFINITION

Type 2 diabetes mellitus
The diagnosis of type 2 DM was done according 
to American Diabetic Association criteria.14

Poor glycemic control
HbA1c >7% was considered as poor glycemic 
control.

Good glycemic control
HbA1c <7% was considered as good glycemic 
control.

RESULTS
Among three hundred and fifty (n=350) patients, 
50% (n=175) received zinc sulphate 30mg per 
day for 3 months, whereas 50% patients (n=175) 
received placebo for 3 months. The mean age of all 
subjects was 51.80+10.281 years and the mean 
age of zinc sulphate group was 51.21+10.115 
years, whereas the mean age of placebo group 
was 52.27+ 10.446 years and there was no 
statistical difference between the two groups 
regarding age (p=0.337). The male to female ratio 
was 1.08:1, in placebo group it was 1.3:1, but in 
ZnSO4  group it was 0.84:1, which revealed that 
more number of female patient received ZnSO4 
but it was not statistically significant (p=0.12). 
[Table-I]. The mean BMI was 31.74+5.806. the 
mean BMI for ZnSO4 group was 30.14+5.273 
whereas it was 33.33+5.889 for placebo group 
and increased BMI was significantly associated  
with placebo group (p<0.001) means more 
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obese subjects received placebo [Table-I&II]. 
The mean FBS was 143.66+21.787mg/dl in all 
subjects at baseline and mean FBS in ZnSO4 
group was 141.05+21.155mg/dl, but it was 
146.27+22.189mg/dl in placebo group and there 
was statistical significant difference observed 
between the two groups regarding FBS (p=0.25) 
so subjects with higher FBS received placebo. 
The overall mean HbA1c was 9.15%, the mean 
HbA1c in ZnSO4 group was 8.887% whereas it 
was 9.415% in placebo group so the subjects 
with higher hbA1c received placebo (p<0.001). 
The overall mean cholesterol, triglycerides and 
LDL were 272.77+30.224, 252.86+43.580, and 
172.10+ 29.284 respectively. There was no 
statistical significant difference between ZnSO4 
and placebo group regarding cholesterol, 
Triglyceride and LDL levels at baseline (p=0.120, 
0.154 and 0.316 respectively Table-III.  

The mean baseline FBS was 141.05+21.55 in 
ZnSO4 group and it became 140.87+ 21.301 
after three months of ZnSO4 therapy ,there was 

significant reduction in FBS after 3 months of 
ZnSO4 therapy (p= 0.032) [table-III]. The mean 
baseline FBS was 146.27+22.153 in placebo 
group and it became 146.23+ 22.189 after 
three months of placebo therapy, so,  there was 
no  significant reduction in FBS after 3 months  
therapy of placebo (p= 0.158) [Table-III].

The mean baseline HbA1c was 9.415+1.214 in 
ZnSO4 group and it became 9.804+ 4.655 after 
three months of placebo therapy, there was 
significant reduction in HbA1c  after 3 months of 
ZnSO4 therapy (p<0.001) [Table-III]. The mean 
baseline HbA1c was 18.887+1.424 in placebo 
group and it became 8.417+1.396 after three 
months of placebo therapy, so, there was no 
significant reduction in HbA1c after 3 months 
of  therapy of placebo (p=0.273) [Table-III]. 
There was significant reduction in cholesterol, 
triglycerides and LDL levels after 3 month therapy 
of ZnSO4 (p<0.001) but there was no significant 
difference with placebo therapy [Table-III].

Variables Sub-variables Zinc Sulphate Group Placebo Group Total DF P-Value

Age <50 124 114 238

>50 51 61 112

Total 175 175 350 1 0.151

Gender Male 80 102 182

Female 95 73 168

Total 175 175 350 1 0.12

BMI Normal 27 13 40

Overweight 60 38 98

Obesity I 51 53 104

Obesity II 30 39 69

Obesity III 7 32 39

Total 175 175 350 4 <001

Table-I. Demographic data analysis by chi square.
P-Value < 0.05 is considered as significant.
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DISCUSSION
Our study revealed that there was significant 
reduction in FBS after 3 months supplementation 
of ZnSO4 (p=0.032) compared to placebo 
(p=0.158) and there was significant reduction 
in HbA1c after 3 months supplementation 

of ZnSO4 (p<0.001) compared to placebo 
(p=0.273), so the study showed improvement in 
glycemic control with ZnSO4 supplements. This 
is consistent with the study from Iran, done by 
Afkhami-Ardekani et al. which revealed there was 
a significant reduction in HbA1C level (p=0.04).11 

Intervention N Mean Std. 
Deviation

Std. Error 
Mean Sig. (2-tailed)*

Age
zinc sulphate group 175 51.21 10.115 .765

placebo group 175 52.27 10.446 .790 .337

BMI
zinc sulphate group 175 30.14 5.273 .399

placebo group 175 33.33 5.889 .445 .000

FBS at baseline
zinc sulphate group 175 141.05 21.155 1.599

placebo group 175 146.27 22.153 1.675 .025

FBS after 3 months
zinc sulphate group 175 140.87 21.301 1.610

placebo group 175 146.23 22.189 1.677 .022

HbA1c at baseline
zinc sulphate group 175 8.887 1.4246 .1077

placebo group 175 9.415 1.2145 .0918 .000

HbA1c after 3 months
zinc sulphate group 175 8.417 1.3967 .1056

placebo group 175 9.806 4.6552 .3519 .000

Cholesterol at baseline
zinc sulphate group 175 275.29 35.425 2.678

placebo group 175 270.26 23.760 1.796 .120
Cholesterol  after 3 
months

zinc sulphate group 175 272.38 36.637 2.770
placebo group 175 270.26 23.734 1.794 .522

Triglyceride at baseline
zinc sulphate group 175 249.54 44.228 3.343

placebo group 175 256.18 42.792 3.235 .154
Triglycerides  after 3 
months

zinc sulphate group 175 245.38 44.501 3.364
placebo group 175 256.14 42.870 3.241 .022

LDL at baseline
zinc sulphate group 175 173.67 33.347 2.521

placebo group 175 170.53 24.557 1.856 .316

LDL after 3 months
zinc sulphate group 175 169.82 32.118 2.428

placebo group 175 170.53 24.563 1.857 .817
Table-II. Independent unpaired T test for different interventions

*significance < 0.05

Pairs Baseline and 6 Months 
Levels

Mean in ZnSO 
Group

Mean in 
Placebo Group

P value*  in 
ZnSO Group

P value* in
Placebo  Group

Pair 1 FBS at baseline 141.05+21.15 146.27+22.15
FBS after 6 months 140.87+21.30 146.23+22.18 0.032 0.158

Pair 2 HbA1c at baseline 8.887+1.424 9.415+1.214
HbA1c after 6 months 8.417+1.396 9.806+4.655 <0.001 0.273

Pair 3 Cholesterol at baseline 275.29+35.42 270.26+23.76
Cholesterol after 6 months 272.38+36.63 270.26+23.73 <0.001 0.809

Pair 4 Triglycerides at baseline 249.54+44.22 256.18+42.79
Triglycerides after 6 months 245.38+44.50 256.14+42.87 <0.001 0.395

Pair 5 LDL at baseline 173.67+33.34 170.53+24.57
LDL after 6 months 169.82+32.11 170.53+24.56 <0.001 1.000

Table-III. Paired samples statistics zinc sulphate and placebo groups.
P-value less than 0.05 is considered as significant.
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It is also similar to the study done by Al-Maroof, 
in which there was significant reduction in HbA1c 
in the group which received supplement of 30mg 
ZnSO4 daily for 3 months.15 One study done 
on mice demonstrated that zinc supplement 
decreased fasting blood glucose compared to 
placebo group.16

One other study done in Bangladesh by Islam R.et 
al also demonstrated the significant reduction 
in fasting blood sugar with ZnSO4 supplement 
compared to placebo (p<0.001).17 Another study 
from Bangladesh revealed that zinc therapy 
achieved good glycemic control and improved 
peripheral neuropathy as assessed by nerve 
conduction velocity.18

On the contrast no beneficial effect of zinc 
supplement was observed in a study done in 
USA by Niewoehner et al. and another study 
done in Singapore by Seet RCS et al.19,20 But 
a study from Srillanka by Gunasekara et al. 
revealed that zinc supplementation improved 
glycemic control measured by HbA1C% and 
fasting and postprandial glucose.21 These results 
supported by Hussain et al. who demonstrated 
a 25% reduction in FBS and a 17% reduction 
in HbA1C% with 3 months supplementation 
with zinc and melatonin.22 A study from India 
also demonstrated that ZnSO4 supplement for 
only 6 weeks reduced significantly fasting and 
postprandial blood glucose level and there was 
improvement in diabetic neuropathy.23

 
The effect of zinc on glycemic control was 
supported by literature that Zinc has important 
role in decreasing peripheral insulin resistance. It 
increases insulin stimulated glucose transport.24  

Our study revealed that there was significant 
reduction in cholesterol, triglyceride and LDL 
levels after three month supplement of ZnSO4 
compared to baseline and placebo group where 
there was no significant change in levels of 
cholesterol, triglycerides and LDL. 

These findings were consistent with the study by 
Partida-Hernández et al. which demonstrated that 
100mg ZnSO4 for 3 months significantly reduced 

cholesterol and triglycerides and increased level 
of HDL compared to placebo.25 In our study the 
dose of ZnSO4 was 30mg per day for 3 months 
and we could not analyzed the HDL data as it 
was not reported in most of the patients. A study 
from Iraq by Kadhim HM revealed that there was 
reduction of total cholesterol, triglycerides and 
LDL level after 90 days supplement of 50mg 
ZnSO4 with 10mg melatonin.12

A study from Srilanka mentioned above also 
demonstrated that in addition to good glycemic 
control the supplement of ZnSO4 decreased 
total cholesterol and total cholesterol HDL ratio.21   
Similarly A study from Iran by Afkhami-Ardekani 
revealed that there was Reduction in TG, TC, 
and LDL with ZnSO4 supplement compared to 
placebo.11

 
These findings are in contrast to results from 
a previous meta-analysis of controlled trials 
involving healthy subjects, where no beneficial 
effects of Zinc supplementation were observed 
on plasma total cholesterol, LDL-c, HDL-c or 
TAG concentrations26 The same meta-analysis 
showed that Zinc supplementation in healthy 
individuals was associated with a significant 
reduction of plasma HDL-c concentrations (7% 
decreases from baseline).26 In contrast to our 
findings, the above meta-analysis suggests 
that Zinc supplementation in healthy individuals 
may not have beneficial health effects. This 
relationship between Zinc supplementation in 
healthy individuals and HDL-c levels appears to an 
extent to depend upon Zinc dosage and duration 
of supplementation.26 Serum HDL-c levels appear 
to decrease at Zinc doses of over 50 mg/day 
given for at least three months.26 In addition to 
the lowering of HDL-c by zinc supplementation 
in healthy individuals, several adverse effects are 
also reported in the literature.  Studies have shown 
that sustained hyperzincaemia may predispose 
individuals to thrombogenesis.27 However, 
studies have shown that physiological doses 
of Zinc supplementation (20mg/day) for short 
durations (2 months) produced favorable effects 
on nutritional and immune status in marginally 
Zinc deficient elderly individuals, while there were 
no significant changes observed in the plasma 
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HDL-c levels.28 Hence, from these findings we can 
conclude that supplementing Zinc may favorably 
alter lipid metabolism in patients with diabetes, 
but not in healthy individuals. Most of the studies 
included in that meta-analysis were conducted 
in low-middle income developing countries 
where marginal Zinc deficiency might be highly 
prevalent, amongst patients with diabetes. 
Thus, it appears that the beneficial effects of 
Zinc supplementation on metabolic parameters 
can be seen mainly in individuals with Zinc 
deficiency or diseases causing Zinc deficiency 
such as diabetes. This also plays a major role in 
its pathogenesis. Oxidative stress and oxidative 
damage to tissues is known to occur in diabetes 
and may be associated with its’ complications. 
Farvid and coworkers reported beneficial effects 
on diabetes neuropathy and nephropathy by Zinc 
supplementation.29,30

Thus it is possible to hypothesis that reduction in 
diabetes complication may be due to reduction 
of oxidative damage from Zinc supplementation.    

The complication of diabetes occur between 
5 and 10 years after being diagnosed and are 
closely related with their metabolic disorder and 
degree of severity, this depends on its duration. 
CVD prevention is known to be important in the 
management of diabetes to reduce morbidity 
and mortality. The supplement of zinc decreased 
glycemic load, reduced oxidative stress, and 
reduced LDL, total cholesterol, and triglycerides, 
hence reduced the risk of complications especially 
cardiovascular complications.
 
The reduction of HbA1c after 3 month therapy of 
ZnSO4 was 0.47, which is significant reduction 
p<0.001. This cannot be comparable to any 
oral hypoglycemic drugs because no head to 
head trials done but this significant reduction in 
HbA1c may prevent or delay the complications 
of diabetes. We did not study the effect of 
ZnSO4 on complications of diabetes but it was 
demonstrated previous studies. Many studies 
done to observe the role of zinc supplement to 
retard the progression of complications of DM. 
It was observed that zinc supplement reduced 
the severity of symptomatic neuropathy in 

patients with type 2 DM. it was also observed 
that zinc supplement Lowered urinary albumin 
excretion30,31 Zinc supplement also retarded the 
diabetic retinopathy progression.31

There are some limitations of the study, at first; we 
could not able to do zinc level in the patients prior to 
start the study. So we could not say that all patients 
were zinc deficient, although it was demonstrated 
in previous study that diabetes is associated with 
low zinc level. The zinc test has high cost locally 
and it is not available in government hospitals like 
our hospital. On other hand the supplement of 
ZnSO4 showed improvement in glycemic control 
and lipid level so, this study may give the idea 
to start zinc supplement without doing the test or 
increasing the cost which is usually not bearable 
by common people of developing countries like 
Pakistan. Second limitation is that we did not get 
complete data of HDL so it was not analyzed in 
final analysis. Therefore we could not comment 
on improvement of lipid profile we may infer 
here that total cholesterol, triglycerides and LDL 
levels decrease with supplement of zinc but we 
don’t know what happens to HDL, although the 
previous studies suggest that there is increase in 
HDL level with zinc supplement. Third, the data 
revealed that patients with higher fasting blood 
sugar and higher HbA1c received placebo. The 
study was randomized and it happened by chance 
only but by these results one may infer that zinc 
supplement is only effective in mild to moderate 
hyperglycemia but severe hyperglycemia may 
not be affected by zinc supplements. It May be 
true because toxic effect of severe hyperglycemia 
impairs the function of pancreas.  Although there 
are some limitations but our study is double blind 
randomized controlled trials, it has high power, 
and it is one of the few studies done in poor 
resource countries and may be the first study 
from Pakistan. Furthermore, it may strengthen 
the hypotheses of zinc replacement in diabetic 
patients.

CONCLUSION
We conclude here that Zinc supplement for short 
duration like 3 months has significant benefit in 
diabetic patients. It improves the glycemic control 
and reduces total cholesterol, triglycerides 
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and LDL levels. As we know from literature 
that high zinc level is not safe. Therefore, we 
cannot recommend blind supplements of zinc 
without knowing zinc status in the body. We 
recommend further well designed larger studies 
with measurement of zinc level before and after 
zinc supplements, which may show relationship 
of zinc supplement to zinc level and glycemic 
control.
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author and six author written the introduction.
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