
Edith Cowan University Edith Cowan University 

Research Online Research Online 

Research outputs 2022 to 2026 

1-1-2023 

Thyroid dysfunction and glycaemic control among Type 2 Thyroid dysfunction and glycaemic control among Type 2 

diabetes mellitus patients in Ghana: A comparative cross-diabetes mellitus patients in Ghana: A comparative cross-

sectional study sectional study 

Samuel Asamoah Sakyi 

Bright Ameyaw 

Edwin Ferguson Laing 

Richard Anthony 

Richard K.Dadzie Ephraim 

See next page for additional authors 

Follow this and additional works at: https://ro.ecu.edu.au/ecuworks2022-2026 

 Part of the Medicine and Health Sciences Commons 

10.1002/edm2.447 
Sakyi, S. A., Ameyaw, B., Laing, E. F., Anthony, R., Ephraim, R. K. D., Effah, A., ... & Opoku, S. (2023). Thyroid 
dysfunction and glycaemic control among Type 2 diabetes mellitus patients in Ghana: A comparative 
cross‐sectional study. Endocrinology, Diabetes & Metabolism, advance online publication, e447. https://doi.org/
10.1002/edm2.447 
This Journal Article is posted at Research Online. 
https://ro.ecu.edu.au/ecuworks2022-2026/3052 

https://ro.ecu.edu.au/
https://ro.ecu.edu.au/ecuworks2022-2026
https://ro.ecu.edu.au/ecuworks2022-2026?utm_source=ro.ecu.edu.au%2Fecuworks2022-2026%2F3052&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/648?utm_source=ro.ecu.edu.au%2Fecuworks2022-2026%2F3052&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dx.doi.org/10.1002/edm2.447
https://doi.org/10.1002/edm2.447
https://doi.org/10.1002/edm2.447


Authors Authors 
Samuel Asamoah Sakyi, Bright Ameyaw, Edwin Ferguson Laing, Richard Anthony, Richard K.Dadzie 
Ephraim, Alfred Effah, Afia Agyapomaa Kwayie, Ebenezer Senu, Enoch Odame Anto, Emmanuel 
Acheampong, Bright Oppong Afranie, Benjamin Amoani, and Stephen Opoku 

This journal article is available at Research Online: https://ro.ecu.edu.au/ecuworks2022-2026/3052 

https://ro.ecu.edu.au/ecuworks2022-2026/3052


Endocrinol Diab Metab. 2023;00:e447.	 ﻿	   | 1 of 9
https://doi.org/10.1002/edm2.447

wileyonlinelibrary.com/journal/edm2

Received: 1 June 2023 | Revised: 6 August 2023 | Accepted: 12 August 2023
DOI: 10.1002/edm2.447  

R E S E A R C H  A R T I C L E

Thyroid dysfunction and glycaemic control among Type 2 
diabetes mellitus patients in Ghana: A comparative  
cross-sectional study

Samuel Asamoah Sakyi1 |   Bright Ameyaw1,2 |   Edwin Ferguson Laing1 |   Richard Anthony3 |   
Richard K. Dadzie Ephraim4 |   Alfred Effah1  |   Afia Agyapomaa Kwayie5 |   Ebenezer Senu1  |   
Enoch Odame Anto6 |   Emmanuel Acheampong1,6 |   Bright Oppong Afranie1 |   
Benjamin Amoani4 |   Stephen Opoku1,5

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2023 The Authors. Endocrinology, Diabetes & Metabolism published by John Wiley & Sons Ltd.

1Department of Molecular Medicine, 
School of Medicine and Dentistry, Kwame 
Nkrumah University of Science and 
Technology, Kumasi, Ghana
2Laboratory Department, Effia Nkwanta 
Regional Hospital, Western Region, Ghana
3Department of Internal Medicine, Effia 
Nkwanta Regional Hospital, Western 
Region, Ghana
4Department of Medical Laboratory 
Technology, University of Cape Coast, 
Cape Coast, Ghana
5Department of Medical Diagnostics, 
Faculty of Allied Health Sciences, Kwame 
Nkrumah University of Science and 
Technology, Kumasi, Ghana
6School of Medical and Health Science, 
Edith Cowan University, Joondalup, 
Australia

Correspondence
Alfred Effah, Department of Molecular 
Medicine, School of Medicine and 
Dentistry, Kwame Nkrumah University of 
Science and Technology, Kumasi, Ghana.
Email: alfredeffah97@gmail.com

Abstract
Introduction: Thyroid disorders and diabetes mellitus coexist and are prevalent endo-
crinopathies among adult population. Thyroid dysfunction contributes to metabolic 
imbalances, increase beta-cell apoptosis and glucose intolerance. There is paucity of 
data and contradicting findings on how thyroid dysfunction influence glycaemic con-
trol. Therefore, we evaluated thyroid dysfunction and glycaemic control among Type 
2 diabetes mellitus (T2DM) patients in Ghana.
Methods: A comparative cross-sectional study was conducted among 192 T2DM 
patients from Effia Nkwanta Regional Hospital. Three consecutive monthly fasting 
plasma glucose (FBG) and glycated haemoglobin (HbA1c) were analysed and the re-
sults were classified as, moderate hyperglycaemia (MH) (FBG = 6.1–12.0 mmol/L, 
HbA1c < 7%), severe hyperglycaemia (SH) (FBG ≥ 12.1 mmol/L, HbA1c > 7%) and good 
glycaemic controls (GC) (FBG = 4.1–6.0 mmol/L, HbA1c < 7%). Thyroid-stimulating 
hormone (TSH), free triiodothyronine (FT3) and free thyroxine (FT4), body mass index 
(BMI) and other clinical parameters were measured. Data analysis was done using R 
language version 4.0.2 and p < .05 was considered statistically significant.
Results: There were no significant differences in age (years) between patients in the 
various glycaemic groups (p = .9053). The overall prevalence of thyroid disorders was 
7.8% among T2DM patients. The prevalence of thyroid disorders was higher in pa-
tients with SH (11.7%) followed by those with MH (7.5%) and then those with GC 
(5.4%). Serum levels of TSH and FT3/FT4 ratio were significantly lower in T2DM pa-
tients with SH compared to those with MH and the GC (p < .0001). However, FT4 
was significantly higher in SH patients compared to the good glycaemic controls 
(p < .01). The first tertiles of TSH [aOR = 10.51, 95% CI (4.04–17.36), p < .0001] and 
FT3 [aOR = 2.77, 95% CI (1.11–6.92), p = .0290] were significantly and independently 
associated with increased odds of hyperglycaemia.
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1  |  INTRODUC TION

Type 2 diabetes mellitus (T2DM) is a multifaceted metabolic disorder 
that results from insulin resistance and pancreatic beta-cell dysfunc-
tion. T2DM is the most common form of diabetes mellitus (DM) and 
accounts for about 90% of all DM cases.1 It is a complex condition 
that arise from a combination of lifestyle and genetic factors.2,3 
About 415 million adults suffer from T2DM globally.1 In Ghana, the 
prevalence of T2DM is estimated to be 6% in the urban popula-
tion.4 Comparable to diabetes, thyroid dysfunction emanates from 
uncontrolled hormone production and secretion. Hyperthyroidism 
and hypothyroidism which are the common thyroid disorders have 
been observed to be more common in T2DM patients compared to 
nondiabetic patients.5

Thyroid hormones regulate many cells and organs, and may af-
fect protein, lipid and glucose metabolism, which in turn may ex-
acerbate glycaemic control.6,7 However, treatment guidelines for 
T2DM are not specific about how often thyroid function should 
be monitored in T2DM patients.8 Moreover, thyroid dysfunction 
can aggravate subclinical DM and results in hyperglycaemia in-
creasing the risk of diabetic complications. Again, changes in thy-
roid hormone concentration can predispose prediabetes to overt 
T2DM.8

Consequently, thyroid disorders and diabetes mellitus coex-
ist and are among the main endocrinopathies commonly found 
in the adult population.9 Uncontrolled blood glucose levels, 
frequency of hyperglycaemia and duration of diabetes has also 
been observed to affect the hypothalamic—anterior pituitary—
thyroid axis.10 T2DM decreases thyroid-stimulating hormone and 
impedes the production of thyroxine (T4) from triiodothyronine 
(T3).11 Thyroid hormones increase beta-cell apoptosis and this 
could be a major element responsible for deterioration of glucose 
tolerance in thyrotoxicosis.12,13 It is known that the discovery of 
abnormal thyroid hormones as well as other biochemical parame-
ters in the initial stages of diabetes can assist in providing appro-
priate clinical intervention for patients.2,10,14 However, T2DM and 
thyroid dysfunction least investigated among Ghanaians. There 
is paucity of data and contradicting findings on how thyroid dys-
function influence glycaemic control among T2DM. This study 
therefore evaluated thyroid dysfunction and glycaemic control 
among T2DM patients in the Western Region of Ghana.

2  |  METHODOLOGY

2.1  |  Study design and setting

This cross-sectional study was conducted at the Out Patient De-
partment of the Effia Nkwanta Regional Hospital. Effia Nkwanta Re-
gional Hospital (ENRH) is the major referral centre for residents of 
the Western region of Ghana. It is located in Sekondi-Takoradi which 
is a twin city of with an estimated population of 560,000. Sekondi-
Takoradi is a cosmopolitan city with inhabitants coming from all over 
the country and accounts for ~24% of the region's total population.

2.2  |  Study population

The study population included 192 clinically diagnosed T2DM sub-
jects, aged, 35 years and above, who attend diabetic clinic at the 
Effia Nkwanta Regional Hospital, Sekondi, Western Region. The 
diagnosis of T2DM was made based on American Diabetes Associa-
tion (ADA) criteria [based on defective progressive insulin secretory 
on the background of insulin resistance using consistently high FPG 
results greater than or equal to 126 mg/dL (7.0 mmol/L) or random 
plasma glucose (RPG) results greater than or equal to 200 mg/dL 
(11.1 mmol/L)] and confirmed by HbA1c.15 Patients were confirmed 
as T2DM patients if they consistently meet the criteria over a period 
of 3 months. Patients with known Type 1 diabetes (diagnosed based 
on high plasma glucose in addition to autoimmune indicators) such as 
autoantibodies to insulin, autoantibodies to glutamate decarboxy-
lase (GAD65) were excluded. Again, pregnant women, seriously ill 
diabetic patients, those with history of thyroid diseases, patients on 
thyroid medication and those who were unwilling to give consent 
were excluded from the study. Participants were categorized into 
three groups; patients with good glycaemic control (GC), moderate 
hyperglycaemia (MH) and those with severe hyperglycaemia (SH). 
GC were those participants whose HbA1c was <7% and FBG lev-
els were within the normal range (4.1–6.0 mmol/L),16 during the past 
3 months. MH were patients whose HbA1c was <7% and FBG re-
sults over the previous 3 months are between 6.1 and 12.0 mmol/L. 
SH were participants whose HbA1c was >7% and average FBG re-
sults over the previous 3 months are ≥12.1 mmol/L according to their 
records and clinical history from their folders.

Conclusion: The prevalence of thyroid dysfunction is high in T2DM and increases 
with hyperglycaemia. Reduced TSH and T3 may worsen glycaemic control. Periodic 
monitoring of thyroid function should be incorporated into management guidelines 
among T2DM patients in Ghana.

K E Y W O R D S
endocrinopathies, glycaemic control, thyroid dysfunction, thyroid-stimulating hormone, 
thyroxine, triiodothyronine, Type 2 diabetes
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2.3  |  Ethical consideration

Ethical approval (CHRPE/AP/064/16) for the study was obtained 
from the Committee on Human Research Publication and Ethics of 
the School of Medical Sciences, Kwame Nkrumah University of Sci-
ence and Technology/Komfo Anokye Teaching Hospital and ENRH 
before the research was conducted. Written informed consent 
was obtained from each participant before administration of the 
standard structured questionnaire and collection of blood samples. 
Qualified participants were made to fill and sign or thumb print a 
consent form before recruiting them into the study. Confidentiality 
of participants was assured and all data were handled anonymously.

2.4  |  Anthropometric measurements

Anthropometric measurements for height and weight were taken 
from each participant and were used for the calculation of the body 
mass index (BMI) by dividing weight (kg) by height squared (m2). Their 
BMI was stratified into four groups: under-weight (BMI < 18.5 Kg/
m2), normal (BMI between 18.5 and 24.9 Kg/m2), overweight (BMI 
between 25 and 29.9 Kg/m2) and obese (BMI ≥ 30 Kg/m2).

2.5  |  Blood pressure measurement

Blood pressure (BP) was measured from each subjects using sphyg-
momanometer. This was measured three times, and the average 
reading was recorded. Individuals were deemed hypertensive if 
they were taking antihypertensive medications, or self-reported a 
diagnosis of hypertension, or systolic pressure reading was above 
140 mm Hg, or diastolic pressure reading was above 90 mm Hg, or 
combinations of these features.17

2.6  |  Blood sample collection and 
laboratory analysis

Six millilitres (6 mL) of venous blood sample were drawn from each 
participant after 8–12 h overnight fast and were dispensed into 
EDTA, fluoride and serum separator tubes, respectively. The fluo-
ride and serum separator gel tubes were centrifuged at 3000 rpm 
for 5 min to separate cells from plasma and serum, respectively. 
The EDTA-anticoagulated blood was used for HbA1c measurement 
whereas fluoride plasma was used to measure fasting blood glucose. 
Serum obtained from the separator gel tube was pipetted into cryo-
tubes and stored at −70°C and used for thyroid function tests (TFT).

2.7  |  Classification of thyroid disorders

Thyroid dysfunction was considered if a participant's thyroid hor-
mone level fell outside the reference range (TSH normal range: 

0.4–5.5 μIU/mL, FT3 normal range: 2.8–7.3 pmol/L, FT4 normal 
range: 8.5–22.5 pmol/L). Participants with high TSH, and low FT3 
and FT4 were classified as primary hypothyroidism and those 
with had elevated TSH, but with normal FT3 and FT4 were clas-
sified as subclinical hypothyroidism.18–20 Similarly, participants 
who had low TSH, and high FT3 and FT4 were classified as hav-
ing primary hyperthyroidism and those who had low TSH but 
with normal FT3, and FT4 were classified as having subclinical 
hyperthyroidism.21,22 Moreover, participants who had low or nor-
mal TSH, but had low FT3 and FT4 were classified as secondary 
hypothyroidism.23,24

2.8  |  Statistical analyses

Statistical analysis was performed using R Language version 4.0.2.25 
Data were screened for normality using the Kolmogorov–Smirnov 
test. Data were reported as means with standard deviations for con-
tinuous variables and as frequencies (percentages) for categorical 
variables. Association between categorical variables was performed 
using the Pearson's chi-squared test. The one-way ANOVA followed 
by Tukey's post hoc multiple comparison test was performed to 
compare differences in thyroid hormones between the good gly-
caemic controls (GC), moderate hyperglycaemia (MH) and severe 
hyperglycaemia (SH). The binary logistic regression analysis was 
used to determine the association between thyroid hormones and 
hyperglycaemia. Statistical significance was accepted at p < .05 for 
all comparisons.

3  |  RESULTS

3.1  |  Sociodemographic characteristics of the 
study participants

The statistical analysis included a total of 192 participants com-
prising of 100 T2DM patients (60 with SH and 40 with MH) and 
92 GC. There were no significant differences in age between 
the good glycaemic controls (52.8 ± 7.8 years), moderate hyper-
glycaemia (53.4 ± 7.4 years) and severe hyperglycaemia groups 
(52.9 ± 7.7 years; p = .9053). Although females were more than 
their male counterparts in each of the glycaemic groups, there 
was no statistically significant difference (p = .068). Again, mari-
tal status, residence and exercise activity were not significantly 
different across the three groups (p > .05). We however observed 
that the ethnicity (p = .0288), education level (p < .0001), type of 
medication (p = .0005), duration of diabetes (p = .0080) and dura-
tion of treatment (p = .0080) were significantly associated with 
hyperglycaemia. Again, there was statistically significant differ-
ence in BMI between the three groups. It was however noted that 
the SBP (p = .7880) and DBP (p = .3637) did not differ significantly 
across the three groups. Table  1 displays the sociodemographic 
characteristics of the study participants.
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3.2  |  Prevalence of thyroid disorders among 
T2DM patients

The overall prevalence of thyroid disorders was 7.8% among the 
T2DM patients. The prevalence of thyroid dysfunction was higher 

in SH (11.7%) followed by MH (7.5%) and the GC (5.4%). Of the total 
study participants 8 (4.2%) exhibited subclinical hypothyroidism. 
Five representing 5.4% of the 92 glycaemic controls had subclini-
cal hypothyroidism. Two representing 5.0% of the 40 participants 
with moderate hyperglycaemia were sub-clinically hypothyroid and 

Parameters
Good glycaemic 
control (n = 92)

Moderate 
hyperglycaemia 
(n = 40)

Severe 
hyperglycaemia 
(n = 60) p-Value

Age(years) (mean ± SD) 52.8 ± 7.8 53.4 ± 7.4 52.9 ± 7.7 .9053

Gender .0680

Male 34 (36.9) 7 (17.5) 22 (36.7)

Female 58 (63.1) 33 (82.5) 38 (63.3)

Residence .2776

Rural 20 (21.7) 10 (25.0) 20 (33.3)

Urban 72 (78.3) 30 (75.0) 40 (66.7)

Marital status .1590

Married 61 (66.3) 20 (50.0) 40 (66.7)

Unmarried 31 (33.7) 20 (50.0) 20 (33.3)

Ethnicity .0288

Akan 73 (79.3) 39 (97.5) 49 (81.7)

Others 19 (20.7) 1 (2.5) 11 (18.3)

Exercise .2123

Yes 62 (67.4) 30 (75.0) 35 (58.3)

No 30 (32.6) 10 (25.0) 25 (41.7)

Level of education <.0001

No education 17 (18.5) 2 (5.0) 16 (26.7)

Basic 31 (33.7) 32 (80.0) 40 (66.7)

Secondary 34 (36.9) 3 (7.5) 3 (5.0)

Tertiary 10 (10.8) 3 (7.5) 1 (1.7)

Type of medication .0005

OHA 50 (54.3) 16 (40.0) 44 (73.3)

Insulin 22 (23.9) 13 (32.5) 1 (1.7)

OHA + insulin 20 (21.7) 11 (27.5) 15 (25.0)

Duration of DM (years) .0080

0–5 52 (56.5) 14 (35.0) 21 (35.0)

6–10 31 (33.7) 17 (42.5) 21 (35.0)

>10 9 (9.8) 9 (22.5) 18 (30.)

Treatment duration 
(years)

.0080

0–5 52 (56.5) 14 (35.0) 21 (35.0)

6–10 31 (33.7) 17 (42.5) 21 (35.0)

>10 9 (9.8) 9 (22.5) 18 (30.)

SBP (mmHg) 131.3 ± 20.7 133.3 ± 18.5 133.3 ± 20.5 .7880

DBP (mmHg) 81.9 ± 9.4 83.3 ± 10.6 84.3 ± 11.8 .3637

BMI (kg/m2) 28.02 ± 4.1 30.3 ± 5.5 28.8 ± 4.7 .0401

Note: p-Values computed by the chi-squared test and the one-way ANOVA.
Bold values indicate statistically significant p-value (p < .05).
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; DM, diabetes mellitus; OHA, 
oral hypoglycaemic agent; SBP, systolic blood pressure.

TA B L E  1 Sociodemographic 
characteristics of the study participants.
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1 (1.7%) of the 60 severe hyperglycaemic participants were also sub-
clinically hypothyroid. In the good glycaemic control group, there 
were 5 (5.4%) participants with subclinical hypothyroidism, 2 (5.0%) 
moderate hyperglycaemia and 1 (1.7%) severe hyperglycaemia had 
subclinical hypothyroidism (Table 2).

3.3  |  Comparison of thyroid hormones 
between the study groups

The serum level of TSH was significantly lower in T2DM patients 
with severe hyperglycaemia compared to those with moderate hy-
perglycaemia and the good glycaemic controls (p < .0001). FT3 was 
significantly lower in MH compared to GC patients (p < .05). FT3 did 
not differ significantly between SH and GC (p > .05) or between SH 
and MH (p > .05). The serum level of FT4 was significantly higher SH 
patients compared to the good glycaemic controls (p < .01). FT4 did 
not differ significantly between GC and MH (p > .05) or between MH 
and SH (p > .05). Compared to the GC group, FT3/FT4 ratio was sig-
nificantly lower in MH (p < .05) and SH (p < .01) patients (Figure 1).

3.4  |  Association between thyroid hormones and 
hyperglycaemia

Hyperglycaemia was high (51.0%) among patients with first quartile 
of TSH (<1.35 mIU/L). Hyperglycaemia however decreased with in-
creasing tertiles of TSH. Similarly, patients with first tertile FT3 had 
higher prevalence of hyperglycaemia (39.0%). Hyperglycaemia there 
reduced with increasing tertiles of FT3. It was however noted that 
hyperglycaemia was uniformly distributed across the tertiles of FT4 
and FT3/FT4 ratio.

In a multivariate logistic regression analysis, the first quar-
tiles of TSH [aOR = 10.51, 95% CI (4.04–17.36), p < .0001] and FT3 
[aOR = 2.77, 95% CI (1.11–6.92), p = .0290] were significantly and 
independently associated with increased odds of hyperglycaemia. 
Table 3 displays the association between thyroid hormones and hy-
perglycaemia. Table 3 displays the association between thyroid hor-
mones and hyperglycaemia.

4  |  DISCUSSION

Thyroid dysfunction is the most common endocrinopathy that co-
exist with diabetics and it has and may influence dysregulation of 
glycaemic control.10,26,27 The development of diabetes complica-
tions is known to be dependent on the magnitude, duration and also 
frequency of hyperglycaemic events,28,29 which may be influenced 
by thyroid dysfunction. In this study, we observed that thyroid dys-
function increases with hyperglycaemia among T2DM patients. The 
first tertiles of TSH and T3 were independently associated with in-
creased odds of hyperglycaemia.

This study observed decreased TSH levels, increased FT4 and 
almost unchanged FT3 levels in MH and SH patients compared to 
the good glycaemic controls. Different levels of TSH have been as-
cribed to modification of the production and secretion of thyrotro-
phin releasing hormone by the hypothalamus.10,30 TRH and TSH play 
a key role in the secretion and maintenance of circulating thyroid 
hormones which control glucose homeostasis and eventually gly-
caemic levels. There is also what is called thyroid hormone-binding 
inhibitor (THBI) which according to Suzuki et al.31 contributed to the 
abnormal thyroid hormone levels in diabetes. THBI is an inhibitor of 
the extra thyroidal conversion enzyme (5′-deiodinase) of T4 to T3. 
The presence of THBI impedes the peripheral conversion of T4 to 
T3 and thus affecting the levels of T4. This probably accounted for 
the elevated levels of FT4 and normal or low normal levels of FT3 
of those with hyperglycaemia (SH and MH) compared to the good 
glycaemic controls in this study. The imbalanced hormonal levels as 
a consequence of diabetes and increased stress levels largely affect 
the mechanisms that regulates plasma glucose. Intestinal absorption 
of glucose, changes in circulating insulin levels, increased insulin re-
sistance, hepatic production and peripheral tissues uptake of glu-
cose have been reported as regulatory mechanisms that are affected 
by thyroid hormones.10,27,32

In this current study, overall thyroid dysfunction among T2DM 
patients was 7.8%, lower than 16.2% and 19.6% reported in Belagavi 
and South India, respectively.33,34 Similar studies from North India, 
Egypt and Greek also reported 28%, 29% and 12.3% prevalence of 
thyroid dysfunction among T2DM patients, respectively.35–37 More-
over, 19.2% of those with hyperglycaemia (SH and MH) had thyroid 

Thyroid disorder Total (192)

Good 
glycaemic 
control 
(n = 92)

Moderate 
hyperglycaemia 
(n = 40)

Severe 
hyperglycaemia 
(n = 60)

Subclinical hypothyroidism 8 (4.2) 5 (5.4) 2 (5.0) 1 (1.7)

Subclinical 
hyperthyroidism

6 (3.1) 0 (0.0) 1 (2.5) 5 (8.3)

Primary hyperthyroidism 1 (0.5) 0 (0.0) 0 (0.0) 1 (1.7)

Total thyroid disorder 15 (7.8) 5 (5.4%) 3 (7.5%) 7 (11.7%)

Normal thyroid 177 (92.2) 87 (94.6) 37 (92.5) 53 (88.3)

Note: Data presented as frequency and percentages (%).
Bold values indicate statistically significant p-value (p < .05).

TA B L E  2 Prevalence of thyroid 
disorders among study participants.
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dysfunction compared to 5.4% of the good glycaemic controls. This 
observation concurs with previous studies by Jali et al. and Elgazar 
et al. which also reported increasing trend of thyroid dysfunction 
with poor glycaemic control.33,35 There were 6.7% subclinical hypo-
thyroidism among patients with hyperglycaemia (MH and SH) and 
5.4% for the good glycaemic controls. Subclinical hyperthyroidism 
recorded 10.8% for patients with hyperglycaemia while none was 
found in the good glycaemic controls. There was 1.7% of primary 
hyperthyroidism in patients with hyperglycaemia (MH and SH) and 
none among the good glycaemic controls. A similar study in Ghana 
by Tagoe et al.26 estimated 10.1% thyroid dysfunction in patients 
with hyperglycaemia and 5.1% among the good glycaemic controls. 
In a related study by Rai et al. and Udiong et al.5,38 prevalence of 
thyroid dysfunction was found to be 46.5% among Nigerian dia-
betic patients. In other studies, elsewhere in the world, prevalence 
of 10.8% and 26.7% thyroid dysfunction were estimated10,27 re-
spectively among diabetic patients. The discrepancies in the prev-
alence rate of thyroid dysfunction observed in diabetics is known 
to be influenced in part by the various medications administered 
to the patients, varying levels of sustained hyperglycaemia, fre-
quency and duration of hyperglycaemia which eventually affect the 
hypothalamus–anterior–pituitary–thyroid axis and glycation of some 
proteins.10,32 Some oral hypoglycaemic agents (OHA) such as phen-
ylthiourea have been discovered to increase TSH and suppress FT4 
and T4 levels.32,39–41

Hyperglycaemia is known to be a risk factor for the development 
of microvascular complications such as retinopathy and disturbances 
in the endocrine system which affect the thyroid hormones in diabe-
tes.41,42 The hyperglycaemic patients in this study had significantly 
higher fasting blood glucose and HbA1c compared to the good gly-
caemic controls. More so, Stratton et al.43 stated that reduction in 
HbA1c in any amount is more likely to lower the risk of diabetic com-
plications and that the lowest risk is found in patients with HbA1c 
values in the normal range < 6.0%.41,44 Hence, tight good glycaemic 
control is invaluable in arresting the development of thyroid disor-
ders and other complications and probably achieving some signifi-
cant level of regression in the disease.2,6

Anthropometric indices such as BMI were fairly high among all 
the study groups. However, when the BMI of those with hyper-
glycaemia were compared to that of the good glycaemic controls, 
they were significantly higher than the BMI of the good glycaemic 
controls with elevated systolic pressure (p = .040). According to the 
work done by Azevedo and Alla et al.45 increasing obesity has a dete-
riorating effect on glycaemic control and hence high HbA1c results 
due to fast glycosylation of haemoglobin and other proteins. This 
work did not record statistically significant difference in TSH with 
varying BMI although BMI has a link with glycaemic control which 
correlates with thyroid function.

This study had few limitations. First, the study was conducted 
with relatively low sample size. Second, although none of the 

F I G U R E  1 Serum levels of thyroid 
hormones among T2DM patients. FT3, 
free triiodothyronine; FT4, free thyroxine; 
GC, good glycaemic controls; MH, 
moderate hyperglycaemia; SH, severe 
hyperglycaemia; TSH, thyroid-stimulating 
hormone. *p < .05, **p < .01, ***p < .0001.
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participants were on thyroid medications, we could not obtain his-
tory and pattern of thyroid therapy. The findings from this study 
however confirms previous findings.

5  |  CONCLUSION

There is a high prevalence of thyroid dysfunction among Type 2 dia-
betics and the prevalence increases with hyperglycaemia. Reduced 
TSH and T3 may worsen glycaemic control. Periodic monitoring of 
thyroid function should be incorporated into management guide-
lines among T2DM patients in Ghana.

Future investigations should incorporate a relatively larger sam-
ple size to effectively evaluate the effects of thyroid dysfunction on 
glycaemic control. The history and pattern of thyroid therapy should 
be obtained to determine its association with glycaemic control 
among Type 2 diabetic patients.

AUTHOR CONTRIBUTIONS
Samuel Asamoah Sakyi: Conceptualization (equal); data curation 
(equal); formal analysis (equal); investigation (equal); methodology 
(equal); project administration (equal); supervision (equal); valida-
tion (equal); writing – original draft (equal); writing –  review and 
editing (equal). Bright Ameyaw: Conceptualization (equal); data 
curation (equal); formal analysis (equal); investigation (equal); 
methodology (equal); project administration (equal); validation 
(equal); visualization (equal); writing – original draft (equal); writing 

– review and editing (equal). Edwin Ferguson Laing: Conceptual-
ization (equal); data curation (equal); methodology (equal); super-
vision (equal); visualization (equal); writing –  review and editing 
(equal). Richard Anthony: Conceptualization (equal); data curation 
(equal); project administration (equal); validation (equal); visuali-
zation (equal). Richard K. Dadzie Ephraim: Data curation (equal); 
formal analysis (equal); investigation (equal); methodology (equal); 
validation (equal); visualization (equal); writing –  review and ed-
iting (equal). Alfred Effah: Data curation (equal); formal analysis 
(equal); writing – original draft (equal); writing – review and edit-
ing (equal). Afia Agyapomaa Kwayie: Data curation (equal); for-
mal analysis (equal); visualization (equal); writing – original draft 
(equal); writing – review and editing (equal). Ebenezer Senu: Data 
curation (equal); formal analysis (equal); methodology (equal); vali-
dation (equal); visualization (equal); writing – original draft (equal); 
writing – review and editing (equal). Enoch Odame Anto: Data cu-
ration (equal); formal analysis (equal); investigation (equal); meth-
odology (equal); validation (equal); visualization (equal); writing 
– original draft (equal); writing – review and editing (equal). Emma-
nuel Acheampong: Data curation (equal); formal analysis (equal); 
validation (equal); visualization (equal); writing –  review and ed-
iting (equal). Bright Oppong Afranie: Data curation (equal); for-
mal analysis (equal); visualization (equal); writing – original draft 
(equal); writing –  review and editing (equal). Benjamin Amoani: 
Conceptualization (equal); data curation (equal); formal analysis 
(equal); supervision (equal); writing –  original draft (equal); writ-
ing –  review and editing (equal). Stephen Opoku: Data curation 

TA B L E  3 Association between thyroid hormones and hyperglycaemia.

Variables Total (n = 192)
Good glycaemic control 
(n = 92)

Hyperglycaemia 
(n = 100) aOR p-Value

TSH (mIU/L)

T1 (<1.35) 62 11 (12.0) 51 (51.0) 10.51 (4.04–17.36) <.0001

T2 (1.35–3.43) 66 36 (39.1) 30 (30.0) Ref (1) –

T3 (>3.43) 64 45 (48.9) 19 (19.0) 0.98 (0.36–2.42) .8850

FT3 (pmol/L)

T1 (<4.41) 63 24 (26.1) 39 (39.0) 2.77 (1.11–6.92) .0290

T2 (4.41–5.13) 67 34 (37.0) 33 (33.0) Ref (1) –

T3 (>5.13) 62 34 (37.0) 28 (28.0) 0.71 (0.27–184) .4820

FT4 (pmol/L)

T1 (<14.50) 63 40 (43.5) 23 (23.0) 0.63 (0.21–1.92) .4250

T2 (14.50–18.10) 66 28 (30.4) 38 (38.0) Ref (1) –

T3 (>18.10) 63 24 (26.1) 39 (39.0) 0.90 (0.35–2.33) .8310

FT3/FT4 ratio

T1 (<0.36) 63 40 (43.5) 23 (23.0) 1.22 (0.45–3.27) .6860

T2 (0.26–0.32) 66 28 (30.4) 38 (38.0) Ref (1) –

T3 (>0.32) 63 24 (26.1) 39 (39.0) 0.85 (0.27–2.64) .7860

Note: Bold values indicate statistically significant p-value (p <  .05).
Abbreviations: aOR, adjusted odd ratio, model adjusted for age, gender, ethnicity, education level, type of medication, duration of diabetes and BMI; 
FT3, free triiodothyronine; FT4, free thyroxine; GC, glycaemic controls; MH, moderate hyperglycaemia; SH, severe hyperglycaemia; T1, first tertile; 
T2, second tertile; T3, third tertile; TSH, thyroid-stimulating hormone.
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