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Abstract

Objectives: The thyroid gland produces hormones that have significant influence on carbohydrate metabolism; its disorders
may affect carbohydrate metabolism in type 2 diabetic patients (T2DM) more than the non-diabetic (NDM) patients as
reported in various studies. We determined the spectrum of thyroid function tests (TFTs) profile among T2DM in our rural
health facility.

Methods: T2DM patients and NDM patients were recruited for the study. The age, educational level, occupation, marital
status, and duration of diabetes were extracted from interviewer’s administered questionnaire. The weight, height, body
mass indices (BMIs), and the waist and hip circumferences were measured. Waist-hip ratios (WHR) were calculated for
all participants. Venous blood was collected and assayed for free triiodothyronine (fT3), free thyroxine (fT4), and thyroid
stimulating hormone (TSH) using a Chemiluminescence Immunoassay (CLIA) 2nd Generation Autoanalyzer. The mean,
standard deviation, frequencies, and percentages were calculated for the variables. The student’s t-test and chi-square test
were also determined as appropriate.

Results: Seventy-eight patients made up of 56 T2DM and 22 NDM were evaluated in this study. Fifty-one were males while
27 were females; 67.9% and 59.1% of the female participants were T2DM and NDM, respectively. The WHR was significantly
higher in T2DM than NDM (0.92 = 0.05 versus 0.88 = 0.06). The TSH was higher in T2DM than the NDM. Forty-four
(78.6%) of the T2DM had euthyroid (normal) biochemical pattern; 12 (21.4%) showed abnormal biochemical pattern of
euthyroid sick syndrome, subclinical hyperthyroid, and subclinical hypothyroid. Thirty (53.6%) of the T2DM were diagnosed
less than five years ago. The value of TSH was increasing with the duration of diabetes but not in a statistically significant
way. None of the T2DM showed overt hypothyroid or hyperthyroid test result.

Conclusion: Thyroid function test may identify diabetics with altered thyroid hormone status that may impact on their
metabolic control. Knowledge of the functional state of the thyroid gland can help in achieving a better metabolic control
and attenuate the development of complications in T2DM.
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Introduction

Diabetes mellitus is a disorder of carbohydrate, fats, and pro-
tein metabolism resulting from inadequate or total deficiency
of the hormone insulin, either in its secretion or of its meta-
bolic action. Complications which may be acute or chronic
with this disease may have significant morbidity as well as
mortality. About 463 million adults are living with this condi-
tion in the year 2019, with an increasing prevalence of the
disorder; 700 million by the year 2045 is projected by the
International Diabetes Federation (IDF)' estimate.

The associated endocrine gland that can also affect
metabolism in the body is the thyroid gland. The thyroid
gland hormones play an important role in body metabolism
including that of the regulation of carbohydrate metabolism
and insulin secreted by the pancreas. Diabetes mellitus is
also known to have significant impact on thyroid function. In
general, these hormones are closely involved in the metabo-
lism of the body such that any increase or decrease in the
level of either hormone can lead to altered functionality of
the other. The relationship between the three hormones in
homeostasis of carbohydrates, proteins, and lipids metabo-
lism is well documented. Diabetes mellitus affects the thy-
roid function through the thyroid stimulating hormone (TSH)
produced by the pituitary gland; peripheral conversion of
thyroxine (T4) to iodothyronine (T3) in tissues such as the
kidney and the liver as well as the direct effect of the raised
insulin level on the thyroid gland itself.>?

Thyroid disorders affect the well-being of diabetics by
adversely impacting on their blood glucose level; this asso-
ciation has been established as far back as 1979 when it was
first published.* Several studies®® have demonstrated more
common occurrence of thyroid dysfunction in T2DM
patients than the NDM population.

Assessment of thyroid function may be used to screen for
thyroid disorders; confirmation and/or diagnosis of thyroid
diseases, as well as monitoring and evaluation of responses
to the various treatment modalities. The thyroid stimulating
hormone (TSH), total tritodothyronine (TT3) and/or free trii-
odothyronine (fT3), and total thyroxine and/or free thyroxine
(fT4) are usually assayed parameters in the assessment of
thyroid function. The diagnostic reliability of thyroid hor-
mone analysis has improved with the introduction of fourth-
generation assays for TSH.

Diabetes mellitus with its associated complications is a
global cause of increased morbidity and mortality. With a
worldwide prevalence, its incidence is increasing, particu-
larly in the developing countries posing a major challenge to
public health.” Rapid urbanization and economic develop-
ment had contributed to this increasing incidence. Diabetes
mellitus is one of the most common endocrine metabolic dis-
orders. Hyperglycemia in diabetes has a negative effect on
thyroid function; therefore, thyroid gland disorder, another
endocrine metabolic disease may be a co-pathology in dia-
betic patients.

Diabetes mellitus is an endocrine disorder which had
been shown to affect multiple organs in T2DM including the
thyroid gland which may impact negatively on their ability
to maintain optimally stable metabolic state. A significant
number of type 1diabetes mellitus (T1DM) demonstrate fea-
tures of other co-existing autoimmune disorders affecting
other organs including the thyroid gland either at the onset or
during course of the disease; however, this is not so common
in T2DM which is the most prevalent type of diabetes mel-
litus. Utilization of TFTs for the diagnosis of thyroid dis-
cases is well established. A specific evaluation of our T2DM
patients for any abnormality in their thyroid function using
TFT performed on an automated chemistry immunoassay
analyzer has not been done before in our facility. The objec-
tive of this hospital-based prospective descriptive cross-sec-
tional study is to determine the spectrum of thyroid function
test profiles among T2DM patients attending the diabetic
clinics of our health facility.

Methods

This is a descriptive cross-sectional study conducted at the
Federal Teaching Hospital (FTH), Ido-Ekiti, Ekiti State,
Nigeria. The institution is one of the two tertiary health facil-
ities in Ekiti State with a bed space of about 350. FTH is in
Ido-Ekiti an agrarian community in the Ido/Osi local govern-
ment area of the state. Ethical approval was obtained from
the Health Research Ethics Committee of the Hospital,
before starting the study. The prepared consent form was
explained and signed by the participants.

The subjects were recruited from the Diabetic Outpatient
Clinic of Medicine and General Outpatient Departments
(GOPD) of the hospital over a period of 3 months between
October 2019 and December 2019. Subjects were recruited
after consenting to the study. Paper questionnaire with a
face-to-face interview administered by research assistants
that were trained on the filling of the questionnaire was used
during the recruitment. A pre-test evaluation of the question-
naire was done by principal author with the research assis-
tants on 10 patients at the General Outpatient Department to
help understand the translation and other corrections on the
questionnaire. Fifty-six (56) subjects were recruited from
consenting patients with T2DM in the two diabetic clinics
and are on oral antidiabetic agents, while 22 NDM patients
from the GOPD were recruited as control for the study.

The inclusion criteria are as follows:

T2DM patients with plasma glucose level of <7mmol/L
during their last two clinic attendance that fulfilled the
following criteria:

e No prior history of thyroid surgery or trauma to the
neck;

e No prior exposure to neck irradiation, and

e Gave their consent to participate in the study.
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Automatically excluded are as follows:

Patients with history of neck trauma or surgery;
Pregnant women;

Patients with previous exposure to neck irradiation;
Those with thyroid disorders or medications that
affect the thyroid function, and

e Non-consenting patients.

Body weight was measured using the bathroom weighing
scale. The heights were measured using a vertical scale port-
able stadiometer. The body mass indices (BMIs) were calcu-
lated based on their weights and heights measured for each
participant. A BMI of < 18.5kg/m? indicates underweight,
between 18.5 and 24.9kg/m? was normal, overweight was
between =25 and <30kg/m? and obesity was >30kg/m’.

Waist and hip circumferences were measured twice to the
nearest centimeter using inelastic, graduated anthropometric
tapes, and the mean of both values were recorded. Waist cir-
cumference (WC) was measured halfway between the xiphi-
sternum and the umbilicus while hip circumference (HC)
was measured at the level of the greater trochanters. The
WHR was then computed for each patient. Blood pressure
(BP) was measured with a mercury sphygmomanometer.
Normal BP was taken as systolic/diastolic of 130/80 mm Hg.

Blood samples for thyroid function test were collected
in the morning on their clinic appointment days. Blood sam-
ples for each day were submitted at the reception of the
chemical pathology laboratory of the hospital for analysis.
The collected samples for each clinic day were centrifuged at
3000 g/min for S min and the serum collected and stored deep
frozen at —20°C until analysis. Analyses of the hormones
(TSH, fT4, and fT3) were performed on a second-generation
Automated Immunoassay  Analyzer—(Autoplex-Gen2
ELISA-CLIA immunoanalyzer) produced by Monobind
Inc., 100 North Pointe Drive, Lake Forest, CA 92630, USA,
(website: www.monobind.com). The limit of detection for
TSH is 0.0062ulU/mL, for fT3 is 0.742 pg/mL, and for T4
is 0.28 ng/dL, defined as 2 standard deviation in the measure-
ment of zero doses with this method in our laboratory.

Interpreting the TFT!®!! the following biochemical pat-
terns were established:

e Primary (overt) hyperthyroidism: Elevated FT3 and/
or FT4 with suppressed TSH.

e Subclinical hyperthyroidism: Normal FT3 and/or FT4
with suppressed TSH.

e Primary (overt) hypothyroidism: Suppressed FT3
and/or FT4 with elevated TSH.

e Subclinical hypothyroidism: Normal FT3 and or FT4
with elevated TSH.

e Euthyroid sick syndrome (ESS): Low or normal FT3
and/or FT4 in the presence of normal, low, or high
TSH in non-thyroidal sickness.

e Euthyroid: TSH, FT3, and FT4 within normal refer-
ence limit.

Statistical analyses

The statistical analysis was done using Statistical Package
for Social Sciences (SPSS) version 20. The continuous vari-
ables like the age, height, weight, BMI, waist and hip cir-
cumference, WHR was summarized as mean and standard
deviation using Independent Samples T test and One-way
ANOVA as appropriate. The categorical variables like the
socio-demographic characteristics were presented as propor-
tion and analyze using Chi-square test with Yates’s correc-
tion where more than 20% of expected counts were less than
5. Probability (p) value <0.05 was accepted as statistically
significant.

Results

A total of 78 subjects were recruited for this study; 56 were
T2DM and 22 were NDM. As shown in Table 1, there were
more female (51) than male (27) participants. There were
67.9% and 59.1% of female participants in the T2DM and
NDM, respectively. More than 43.6% of the participant had
tertiary education and above; about 37.2% of the participants
were skilled or professional workers, while close to 70% of
the participant were married.

The clinical characteristics of the studied participants
are shown in Table 2. The T2DM were older than the
NDM subjects but not statistically significant, the WHR
among the T2DM was 0.92 =0.05 which was signifi-
cantly higher than the NDM 0.88 = 0.06; however, there
was no significant differences in the BMI of both the
T2DM and the NDM. The T2DM had significantly higher
BP than the NDM (136.48 =21.55/78.46 = 11.6 versus
116.36 = 11.77/71.36 = 6.21). The TSH was higher
among the T2DM but not statistically significant to that of
the NDM.

Table 3 shows the spectrum of thyroid function tests
(TFTs) of the studied participants. Among the T2DM,
78.6% showed euthyroid (normal) biochemical pattern,
while 21.4% showed abnormal biochemical pattern. Of
the abnormal pattern, 8.9% were euthyroid sick syndrome
pattern, 7.1% were subclinical hyperthyroid pattern, and
5.4% were subclinical hypothyroid. None of the T2DM
have overt hypothyroid or hyperthyroid thyroid function
test. Only 4.5% of the NDM had abnormal thyroid func-
tion test pattern of subclinical hyperthyroid. Out of all the
participants, only 13 (T2DM and NDM) were with abnor-
mal TFT pattern, comprising of seven females and six
males. There was equal® distribution of abnormal TFT
pattern between the female and the male T2DM studied.
More than 50% of the T2DM patients were diagnosed less
than five years ago.

Table 4 shows the mean value of thyroid hormones and
the duration of diabetes. The value of TSH was increasing
with the duration of diabetes but not statistically significant.
The fT3 concentration was also decreasing with increasing
duration of diabetes.


www.monobind.com

4 SAGE Open Medicine
Table |. Sociodemographic characteristics of the studied participants.
Variables T2DM NDM TOTAL x2 p value
N=56(71.8%) N =22(28.2%) N =78(%)
Gender
Male 18 (32.1) 9 (40.9) 27 (34.6) 0.536 0.464
Female 38 (67.9) 13 (59.1) 51 (63.4)
Occupation
Retired/unemployed 21 (77.8) 6(22.2) 27 (34.6) 5.988 0.112
Unskilled worker 15 (68.2) 7 (31.8) 22 (28.2)
Skilled worker 8 (100) 0 (0) 8(10.3)
Professional 12 (57.1) 9 (42.9) 21 (26.9)
Educational status
None 5 (50) 5 (50) 10 (12.8) 2.062Y 0.724
Primary education 10 (76.9) 3 (23.1) 13 (16.7)
Secondary education 14 (82.4) 3(17.6) 17 (21.8)
Tertiary education 25 (73.5) 9 (26.5) 34 (43.6)
Postgraduate 2 (50) 2 (50) 4 (5.1)
Marital status
Single I (100) 0 (0) 1 (1.3) 1.962Y 0.580
Married 40 (74.1) 14 (25.9) 54 (69.2)
Divorced 4 (100) 0 (0) 4(5.1)
Widowed 11 (57.9) 8 (42.1) 19 (24.4)

Abbreviations: T2DM: type 2 diabetes mellitus; NDM: non-diabetes mellitus; % Chi-square test; Y: Yates-corrected Chi-square test.

Table 2. Anthropometric and clinical characteristics of the studied participants.

Characteristics T2DM NDM p-value
Mean £ SD Mean = SD
Age (years) 61.32=11.94 59.50 = 14.45 0.570
Weight(kg) 73.50+13.22 7127 = 14.14 0.512
Height (m) 1.62+0.9 1.60 +0.06 0917
Body mass index (kg/m?) 2820 =4.97 28.07 =5.99 0.922
Waist circumference (cm) 96.65*+9.70 91.44=13.16 0.058
Hip circumference (cm) 105.66 = [1.81 104.37 £ 14.73 0.686
Waist—hip ratio 0.92 +0.05 0.88+0.06 0.004*
Systolic blood pressure (mm Hg) 136.48 =21.55 116.36 = 11.77 0.001*
Diastolic blood pressure (mm Hg) 7846 *11.6 71.36 £6.21 0.008%*
Thyroxine stimulating hormone (plU/mL) 1.52+1.27 1.24+0.84 0.343
Free T4 (ng/dL) 1.05+0.23 1.06 +0.30 0.875
Free T3 (pg/mL) 2.22+£0.44 2.17 =045 0.655

Abbreviations: T2DM: type 2 diabetes mellitus; NDM: non-diabetes mellitus; SD: standard deviation.

*Statistically significant.

Discussion

In our study, the TSH level and the thyroid hormones in
T2DM patients were not statistically different from the
NDM although the concentration of TSH was higher in the
T2DM. This finding is similar to what Udiong found among
diabetic subjects in Calabar, Nigeria, where the mean TSH
value in the diabetics was not significantly higher than the
controls.'? In Southeast Asia, Islam et al.' also did not find
any significant differences in TSH level among diabetics

and non-diabetics. The thyroid hormones are known antago-
nist of insulin and thyrotrophin releasing hormone (TRH)
synthesis is decreased in diabetes mellitus. These factors
may be responsible for the occurrence of low concentration
of thyroid hormones in diabetic patients.

Overall, 21.4% of the diabetics had abnormal thyroid
function tests, this is slightly lower than that in Ibadan where
29.7% was found by Ghazali and Abbiyesuku.'* Only 4.5%
of the NDM had abnormal thyroid function tests while in
Ibadan, 2.8% of the controls have thyroid dysfunction. In
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Table 3. Spectrum of the thyroid function test profile of the studied participants.

Thyroid function test profile Sex T2DM NDM Total % p value
Euthyroid Male 12 9 21 1.380Y 0.926
Female 32 12 44
Total 44 (78.6) 21 (95.5) 65
Subclinical hyperthyroid Male 2 0 2
Female 2 | 3
Total 4(7.1) I (4.5) 5
Subclinical hypothyroid Male | 0 |
Female 2 0 2
Total 3(54) 0 (0) 3
Euthyroid sick syndrome Male 3 0 3
Female 2 0 2
Total 5(8.9) 0 (0) 5
Abbreviations: T2DM: type 2 diabetes mellitus; NDM: non-diabetes mellitus; x% Chi-square test; Y: Yates-corrected Chi-square test.
Table 4. Duration of DM and thyroid function test (TFT).
TFT Duration of DM in years F p value
<5years n=30 (53.6%) >5years—<10years n=15 (26.8%) > 10years n=11 (19.6%)
TSH 145+ 1.19 1.52*+1.36 1.71 = 1.44 0617 0.544
FT4 1.08 =0.21 0.98+0.29 1.06 =0.22 0.923 0.404
FT3 229+049 2.18*0.33 2.11 =045 0.636 0.533

Abbreviations: TFT: thyroid function test; TSH: thyroid stimulating hormone; FT4: free thyroxine; FT3: free triiodothyronine; DM: diabetes mellitus; F: F test.

Enugu, using the combination of TSH, fT3, and fT4 levels,
Ogbonna and Ezeani'’ found a prevalence of 12.4% among
the T2DM patients to have thyroid dysfunction. Other stud-
ies outside Nigeria have varied prevalence of thyroid dys-
function among diabetic patients. In northeast India, a similar
study involving 80 participants, a prevalence of 30% was
found among the diabetics’ subjects.!® Similarly, a preva-
lence of 12.3% was reported among Greek diabetic patients
and 16% of Saudi patients with T2DM were found to have
thyroid dysfunction.®’” In Jordan thyroid dysfunction was
present in 12.5% of T2DM patients.® The variability in the
prevalence rates may be due to the number of subjects that
were used for the various studies. In our study, the national
prevalence rate of diabetes mellitus was not used to calculate
the number of subjects appropriate for our study. The T2DM
patients in our study were selected based on the blood glu-
cose level of <7mmol/L on that clinic day with records in
their last previous clinic attendance that shows blood glucose
level of <7mmol/L and met the other stated criteria.

The spectrum of thyroid function statuses found in our
study includes euthyroid, subclinical hyperthyroid, subclini-
cal hypothyroid, and euthyroid sick syndrome. There was no
overt hypothyroid or overt hyperthyroid in our studied
T2DM patients. In our study, 78.6% of our T2DM patients
were euthyroid showing all parameters within the reference
ranges. Subclinical hyperthyroidism was found in 7.1 % of
the T2DM cases, and subclinical hypothyroidism was found

in 5.4% of them. The remaining 8.9% had euthyroid sick
syndrome. Alterations in thyroid hormone levels of varying
degree in T2DM have also being found in multiple
studies.!”" Recent studies have also demonstrated that sub-
clinical hypothyroidism is more common in T2DM. An
increased prevalence of thyroid dysfunction was found dur-
ing clinical evaluations, though not statistically significant,
still supports the need to screen for thyroid dysfunction in
diagnosed T2DM patients.? 2> Subclinical hyperthyroidism
has also been found in T2DM, though in fewer numbers than
subclinical hypothyroidism. So, it may be necessary to
screen for both disorders routinely in T2DM?*?* | Although
generally, subclinical hypothyroidism has higher prevalence
in comparison to subclinical hyperthyroidism.

T2DM are on various types of oral antidiabetic medica-
tions that may be accountable for the alteration in their thy-
roid hormone levels. For instance, metformin has been found
to be associated with reduction in level of TSH without sig-
nificant associated changes in fT4 and fT3 concentration in
several different studies. This finding has been reported in
T2DM patients with primary hypothyroidism both under
replacement therapy and untreated.?>?” In our facility, major-
ity of our patients are on metformin and sulfonylureas. The
mean TSH of T2DM in our study was within the reference
level but slightly higher than the NDM. This may also be
accounted for by the number of subjects we studied and the
fact that we had lesser number of NDM than the T2DM.
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Changes in thyroid hormones levels have been described
in patients with diabetes particularly in those with poor
plasma glucose control. In diabetic patients, the nocturnal
TSH peak is blunted or abolished, and the TSH response to
TRH is impaired.?® Alteration in TFTs may reflect changes
in production of thyroid hormones by the effects of hyper-
glycemia on thyroid gland, on the hypothalamic-pituitary-
thyroid axis, and/or on peripheral tissue metabolism of the
hormones, or by combination of these effects. The hor-
mones fT3 and fT4 are insulin antagonists that potentiate
the action of insulin indirectly.” TRH synthesis also
decreases in diabetes mellitus.'®3" These facts could be
responsible for the occurrences of low thyroid hormone
levels in some diabetics.

In our study, the majority of the T2DM patients had dura-
tion of diabetes up to Syears; no relationship was found
between the duration of diabetes and thyroid dysfunction;
however, the values of the TSH were increasing over the
period of the diabetes. Other similar studies did not find any
significant relationship between duration of diabetes and
thyroid dysfunction.?'*? In Enugu, however, Ogbonna and
Ezeani'” reported that the duration of diabetes >5 years was
a risk factor for thyroid dysfunction. Other studies have also
found a relationship between the duration of diabetes
>5 years and thyroid disorders.>33

The mean BP for the T2DM subjects was 136.5 systolic
and 78.5 diastolic compared to the NDM of 116.4 systolic
and 71.4 diastolic. This agrees with Zimmet et al.>® and many
other studies which reported an increased prevalence of
hypertension in type 2 diabetics.

In the socio-demographic characteristics of the studied
subjects, there were more females than male participants
in both T2DM and NDM, a similar finding in recent
studies.?>?7*¥ Diabetes and obesity occurring together have
been widely reported to be more prevalent in the female
population than the male.**#

There were more unemployed/unskilled workers with
diabetes than the skilled professional workers. This rural
community is an agrarian environment, thus not surprising
that more unskilled workers have diabetes. The tertiary
health institutions located in the community may account
for the skilled/professional workers. The educational status
was equally distributed between the tertiary/professional
T2DM and the secondary and lower education T2DM.
Although these are not significant, however, it is well
established by various studies that socioeconomic status
(SES) influences the prevalence and complications of dia-
betes mellitus.

The SES is a total measure of an individual’s or families
economic and social position.*'* Among the SES factors,
gender, age, marital status, level of education, income,
occupation, region, residential area, the amount of remain-
ing debt, and current liability are associated with diabe-
tes.***> Each of these factors provides information regarding
association of risks and identifying their effects which

helps in understanding and addressing the socioeconomic
inequalities in diabetes. Despite the association of low SES
and educational level with the prevalence of diabetes mel-
litus,*® controversy still exists whether diabetes is a disease
of low SES or high SES or there is no relationship between
them.*” A study in Thailand concluded that low educational
attainment with other SES factors was significantly associ-
ated with diabetes in Thais.*

Limitations

Our study did not use any formulae to calculate the study
population and the duration of the study was limited due to
the pandemic that occurred with suspension of clinic attend-
ance for more than one year. The cost of maintaining the
blood samples viability and that of the reagents prompted for
an early analysis of the blood samples. The thyroid hormones
were analyzed using an automated chemistry immunoassay
analyzer; however, the sample analysis was not done in
duplicates or repeated.

Conclusion

The association between diabetes mellitus and thyroid disor-
ders is characterized by a complex interdependent interac-
tion. Thyroid function test in diabetes may identify those that
have altered thyroid function for early review and manage-
ment. Unidentified thyroid dysfunction may distort the meta-
bolic controls in patients with diabetes. The early recognition
and treatment of thyroid disorder in diabetic patients may
benefit plasma glucose control, attenuate cardiovascular
risk, and improve general well-being.
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