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A B S T R A C T   

Background: Overt hypothyroidism leads to increased cardiovascular risk, primarily through effects the disorder 
has on lipids. Most studies investigating lipids in the setting of hypothyroidism, have been performed in pre-
dominantly Caucasians in North America and Europe. Different patterns and prevalence of dyslipidemia have 
been described; one study reporting dyslipidemia in 90% of patients with hypothyroidism. The prevalence of 
dyslipidemia in overt hypothyroidism among the ethnically diverse predominantly black South African popu-
lation is unknown. 
Methodology: A retrospective case-control study evaluating lipid profiles of an ethnically diverse cohort of pa-
tients with overt hypothyroidism (TSH > 10 mIU/L) attending two academic hospitals in Johannesburg, South 
Africa from September 2006–September 2016. Patients with primary or secondary causes for dyslipidemia and 
those taking lipid-lowering therapy were excluded. 
Results: Two hundred and six patients with hypothyroidism were included and compared to 412 euthyroid 
controls matched for sex, ethnicity, and age. Most hypothyroid patients were female (n = 180;67.5 %). Median 
TSH was similar across all ethnic groups (p = 0.09). Median TC, TG and LDL-C were higher in hypothyroid 
patients (p < 0.01). Normal lipid profiles were found in 29.44 % of all hypothyroid patients. However, a greater 
proportion, 47 of 124 (37.90 %), black African patients with hypothyroidism had a normal lipid profile. 
Conclusion: Dyslipidemia is less common in black African patients with hypothyroidism. This is probably due to 
this population group being in an earlier stage of epidemiologic transition. Those with hypothyroidism were at 
greater overall cardiovascular risk based on TC/HDL-C ratio but did not reach high risk atherogenic profiles 
reported in previous studies.   

Introduction 

Hypothyroidism is the disease state in which there is a deficiency of 
thyroid hormone or a failure of its action [1,2]. This leads to a variety of 
non-specific symptoms and signs such as tiredness, dyspnoea, con-
stipation, weight gain, hair loss, dry skin, intolerance to cold and 
hoarseness of voice [1,3]. As a result, a high index of suspicion is 
required to make the diagnosis, which is confirmed on biochemical tests 
[1] . The manifestations of hypothyroidism range from asymptomatic to 
potentially life-threatening as in the setting of myxoedema coma [1]. 

Hypothyroidism is common; however, prevalence estimates vary 
depending on the population being studied. The EPIC-Norfolk study 
recruited 13 076 participants in the Norfolk region of the UK and re-
ported overt hypothyroidism (defined by a TSH greater than 4 mIU/L 

and FT4<9 pmol/L) in 0.9 % of men and 2.5 % of women [4]. The 
National Health and Nutrition Examination Survey (NHANES III) and 
the Colorado Thyroid Disease Prevalence Study, two large epidemio-
logical studies in the USA, noted overt hypothyroidism in 0.3 % and 0.4 
% of the surveyed population respectively [5,6]. Madariaga et al. (2014) 
carried out a meta-analysis of seven epidemiological studies performed 
across Europe [7]. The authors reported prevalence estimates of 4.9 % 
for hypothyroidism, with 0.8 % of females and 0.3 % of males having 
overt hypothyroidism [7]. 

The NHANES study demonstrated ethnic differences in the preva-
lence of hypothyroidism, with African Americans having a lower prev-
alence than their Caucasian counterparts [5,8]. A study in Brazil also 
found a lower prevalence of the disease among black people and showed 
that mixed-race individuals had an intermediate prevalence [9]. Age 
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and sex differences are also well described with hypothyroidism being 
more common among females [4,5]. Serum TSH tends to rise with age 
and overt hypothyroidism is more commonly seen in older individuals 
[5,10]. 

More than 95 % of cases of hypothyroidism are due to primary hy-
pothyroidism, that is, failure of the thyroid gland to produce thyroid 
hormone [1]. Common causes for primary hypothyroidism include 
autoimmune thyroiditis (Hashimoto’s thyroiditis), iatrogenic causes 
(radioactive iodine ablation, thyroidectomy and irradiation to the head 
and neck) and iodine deficiency or excess (such as amiodarone use) [1]. 
Rarer causes include infiltrative disorders such as malignancies, hae-
mochromatosis, sarcoidosis and infections [1]. Secondary hypothy-
roidism (failure of the anterior pituitary to secrete sufficient TSH) and 
tertiary hypothyroidism (failure of the hypothalamus to secrete 
thyrotropin-releasing hormone) are uncommon causes [1]. Hypothy-
roidism due to thyroid hormone resistant states are very rare [2]. 

Reference ranges for TSH are controversial, but it is generally 
accepted that a TSH value greater than 10 mIU/L warrants treatment 
with levothyroxine, particularly in symptomatic patients under the age 
of 65 years [11–13]. 

The risk for cardiovascular disease in hypothyroidism have been 
ascribed to the effects that the disorder has on cardiovascular hemo-
dynamics as well as contributions to the development of atherosclerotic 
cardiovascular disease as a result of the dyslipidemia that occurs with 
hypothyroidism [14]. Hypothyroidism leads to a rise in diastolic blood 
pressure, and a reduction in both heart rate and cardiac output [1,14]. 
Insulin resistance and oxidative stress are also induced by hypothy-
roidism and may contribute to increased cardiovascular risk [14]. 
Furthermore, the dyslipidemia per se has been implicated in the devel-
opment of insulin resistance and oxidative stress [14]. 

Abnormalities in lipid profiles among patients with overt hypothy-
roidism have been well described. A study at the Mayo Clinic noted 
abnormalities in more than 90 % of 295 patients with overt hypothy-
roidism [15]. Different patterns have been reported, with raised total 
cholesterol (TC) and low density lipoprotein cholesterol (LDL-C) pre-
dominating [15,16]. Triglycerides (TG) may also be elevated [15–17]. 
High density lipoprotein cholesterol (HDL-C) may be normal, high or 
low [15,18,19]. The Colorado Thyroid Disease Prevalence Study 
demonstrated that serum TC and LDL-C levels increase in direct pro-
portion to the severity of hypothyroidism [6]. 

The wide range of effects that thyroid hormones have on metabolism 
is probably responsible for the lipid abnormalities seen with hypothy-
roidism [18]. Thyroid hormones play a role in the activity of important 
enzymes in the cholesterol synthesis and metabolism pathway 
[16,18,20]. One of the first enzymes in the cholesterol synthesis 
pathway, 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reduc-
tase, is induced by thyroid hormones [16,18]. Thus, in the setting of 
hypothyroidism, the synthesis of cholesterol is impaired [16]. 

However thyroid hormones, specifically triiodothyronine (T3), 
upregulate low density lipoprotein receptors expressed on the cell sur-
face in the liver, by controlling LDL receptor gene activation [16,18,20]. 
This leads to an increase in the uptake of LDL-C [20]. As a result, hy-
pothyroidism will cause a reduction in the clearance of LDL-C from the 
circulation [16]. While cholesterol synthesis in the liver may be 
impaired, the disproportionate effect of thyroid hormones on LDL re-
ceptor function leads to a rise in serum TC and LDL-C [16]. Lipoprotein 
lipase (LPL) and hepatic lipase (HL) are both activated by thyroid hor-
mones [20]. LPL hydrolyses TG into very low density lipoproteins while 
HL breaks down HDL-C and intermediate density lipoproteins [20]. 
Smoking may also exacerbate the lipid abnormalities in patients with 
hypothyroidism by impairing the action of thyroid hormones [21]. 

Lipid abnormalities improve following replacement with thyroxine 
[18,22]. The Basel Thyroid Study showed that thyroid hormone 
replacement therapy in patients with subclinical hypothyroidism had a 
beneficial effect on serum cholesterol and, in particular, LDL-C when 
TSH was greater than 12 mIU/L [23]. The authors estimated a 9–31 % 

decrease in risk related to cardiovascular mortality as a direct result of 
this LDL-C lowering [23]. 

No study has investigated the effects of overt hypothyroidism on 
serum lipids in black African individuals. Most studies have been per-
formed in the USA, the United Kingdom and Europe and have charac-
terized dyslipidemia in predominantly Caucasian patients with overt 
hypothyroidism [4,6,15,24,25]. The aim of this study is to describe the 
prevalence of dyslipidemia among an ethnically diverse group of hy-
pothyroid South African patients as compared to euthyroid controls. 

Methods 

This retrospective case-control study involved patients attending two 
large tertiary academic hospitals in Johannesburg, South Africa, namely 
the Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) and 
the Chris Hani Baragwanath Academic Hospital (CHBAH). 

Definitions 

Euthyroidism was defined as a serum TSH between 0.35 and 4 mIU/ 
L. Overt hypothyroidism was defined as a thyroid stimulating hormone 
(TSH) above the normal reference range and a free thyroxine (FT4) 
below the lower limit of the normal reference range (reference range 
12–22 pmol/L). In the setting of overt hypothyroidism, the TSH value is 
usually greater than 10 mIU/L. For the purpose of this study hyper-
cholesterolemia was defined as a TC ≥ 5 mmol/L; hypertriglyceridemia 
as a TG ≥ 1.7 mmol/L; and a raised LDL-C as ≥ 3 mmol/L. 

Inclusion and exclusion criteria 

Adults over the age of 18 years visiting either CMJAH or CHBAH 
between 1 September 2006 and 1 September 2016 and who had a 
lipogram done within one month of a TSH greater than 10 mIU/L were 
considered eligible for the study. Age, gender, ethnicity, TSH and FT4 
values and the corresponding lipograms (TC, TG, HDL-C and LDL-C 
calculated using the Friedewald formula[26]) of eligible participants 
were recorded. 

Euthyroid controls were randomly selected from patients attending 
CMJAH during the period 2014 – September 2016 and were matched for 
gender, ethnicity, and age. Two control cases were selected for each case 
of hypothyroidism. Euthyroid individuals known to have a history of 
thyroid disease were excluded. 

Those with additional, known secondary causes for dyslipidemia, 
namely diabetes mellitus, chronic kidney disease, nephrotic syndrome, 
Cushing’s syndrome and cholestatic liver disease, were excluded. Pa-
tients known to have familial hypercholesterolemia were also excluded. 
In addition, those taking lipid-lowering therapy, such as statins, ezeti-
mibe or fibrates were excluded. Concomitant medications which may 
lead to an increase in serum lipids were recorded. Fasting and non- 
fasting states were not considered as it was not likely to have a mean-
ingful effect on serum lipids [27,28]. 

Data analysis 

Data was analysed using IBM® SPSS® Statistics Version 23. Standard 
descriptive statistics (mean, median, range and standard deviation) 
were used to describe the groups and differences between the groups 
were highlighted. Age, gender, and ethnic differences were compared. A 
Shapiro-Wilk test found TSH, FT4, TC, TG, HDL-C and LDL-C values to 
follow a non-normal distribution. Thus, median values, and interquartile 
ranges (IQR) were reported for these variables. The Mann-Whitney U 
test was used to determine differences between the two groups. 

Correlation coefficients between lipid fractions (TC, TG, HDL-C and 
LDL-C) and TSH and FT4 were determined. A p-value < 0.05 was 
regarded as statistically significant. 
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Ethical considerations 

Approval to conduct the study was obtained from the University of 
the Witwatersrand’s Human Research Ethics Committee (clearance 
certificate no. M161111). Institutional approval was obtained from the 
hospital management of CMJAH and the Medical Advisory Committee at 
CHBAH. 

Results 

Two hundred and six patients with hypothyroidism, 87.4% females 
(n = 180) and 12.6% males (n = 26), were deemed eligible for inclusion 
in the study. Black African patients comprised 67.5% (n = 139), with 
Caucasians (20.4%), Indians (8.3%) and mixed-race individuals (3.9%) 
making up the remainder –Table 1. All cases of hypothyroidism were 
due to primary hypothyroidism. Four hundred and twelve euthyroid 
controls, matched for ethnicity, gender and age range, were deemed 
eligible. 

Of the 206 patients with hypothyroidism, 65 (31.6%) had hypothy-
roidism due to an iatrogenic cause. Fifty-one patients received radio-
active iodine ablation for Graves’ disease, 13 had a thyroidectomy and 
one patient had undergone radiation to the head and neck. The 
remaining 141 (68.4%) patients were presumed to have hypothyroidism 
due to autoimmune thyroid disease. 

Overall, patients with hypothyroidism had a median TSH of 22.84 
mIU/L (13.55–47.69) and median T4 of 9.9 pmol/L (7.15–12.2). There 
was no difference in TSH between males and females (p = 0.79). Black 
African patients had a higher median TSH of 24.97 mIU/L 
(14.14–49.48) as compared to Caucasian patients who had a median 
TSH of 17.27 mIU/L (12.90–35.60). However, this difference was not 
statistically significant (p = 0.11). Thyroid function tests for the 
euthyroid control group and the group with hypothyroidism as they 
pertain to ethnicity and gender are shown in Table 2. 

Median TC, TG and LDL-C levels were greater in all patients with 
hypothyroidism (p < 0.01). HDL-C was not different between euthyroid 
and hypothyroid states (p = 0.70). Overall, 32.04% (n = 66) of patients 
with hypothyroidism had an isolated raised TC, 20.30% (n = 40) had 
both a raised TC and TG and 10.15% (n = 20) had an isolated hyper-
triglyceridemia. A normal lipid profile was identified in 29.44% (n = 58) 

of all patients with hypothyroidism. 
Among black African individuals with hypothyroidism, TC, TG and 

LDL-C were higher than in their euthyroid counterparts (p < 0.05). HDL- 
C was not different between the two groups (p = 0.23). Sixty-eight 
(48.92%) patients had a TC ≥ 5 mmol/L, 25 (18.94%) had both a TC 
≥ 5 mmol/L and a TG ≥ 1.70 mmol/L, while 10 (7.58 %) had a raised TG 
alone. LDL-C ≥ 3 mmol/L was observed in 59 (47.58%) patients. A 
normal lipogram was seen in 47 of 124 (37.90%) black African patients 
with hypothyroidism, while normal lipograms were seen in 163 
(58.63%) of the euthyroid black African control subjects. Interestingly 
Black male patients with hypothyroidism (n = 16) had lipids not dis-
similar from black male controls with euthyroidism (p = 0.76 for TC; p 
= 0.76 for TG; p = 0.47 for HDL-C; and p = 0.92 for LDL-C). Lipid 
profiles of black African patients with and without hypothyroidism are 
shown in Table 3. 

In the black African patients with hypothyroidism, there was a pos-
itive correlation between TSH and TC (Spearman’s correlation coef-
ficient, ρ = 0.345, n = 139, p < 0.01), as shown in Fig. 1, and between 
TSH and LDL-C (ρ = 0.291, n = 124, p < 0.01), Fig. 2. Triglyceride (ρ =
0.068, p = 0.44) and HDL-C (ρ = 0.13, p = 0.14) did not have a linear 
association with TSH. Free T4 had a negative correlation with TC (ρ =
-0.344, p < 0.01) and LDL-C (ρ = -0.234, p = 0.02) as seen on Fig. 3. A 
linear association was not present between FT4 and TG (ρ = -0.160, p =
0.12) or FT4 and HDL-C (ρ = -0.118, p = 0.24). 

Caucasian patients with hypothyroidism had a higher TC (p = 0.02) 
and TG (p = 0.03) than their euthyroid counterparts. HDL-C and LDL-C 
were not different between the two groups (p = 0.73 and p = 0.09 
respectively). A raised, isolated TC was found in 16 (38.10%) of the 
hypothyroid Caucasian patients. Five (12.20%) had a raised TG alone 
and 10 (24.39%) had both a raised TC and TG. More than half (56.10%) 
of hypothyroid Caucasian patients had an LDL-C ≥ 3 mmol/L. Normal 
lipid profiles were observed in 7 (17.07%) hypothyroid patients 
compared to 29 (34.52%) euthyroid controls. As with male black African 
patients with hypothyroidism, Caucasian males with hypothyroidism 
had lipids that were no different from their matched euthyroid controls. 
Lipid profiles of Caucasian patients with and without hypothyroidism 
are shown in Table 4. 

TSH had a positive linear correlation with TC (ρ = 0.277, n = 42, p =
0.04) among Caucasian patients with hypothyroidism (Fig. 1). A linear 
relationship between TSH and LDL-C (Fig. 2) did not achieve statistical 
significance (ρ = 0.207, p = 0.10), however, FT4 and LDL-C showed a 
negative linear association which was statistically significant (ρ =
-0.336, p = 0.04). FT4 also had a negative linear association with TC (ρ 
= -0.410, n = 29), the statistical significance of which could not be 
determined due to the smaller number of patients with a FT4 value 
available (Fig. 3). 

Euthyroid Caucasian controls had higher median TC, HDL-C and 
LDL-C than euthyroid black African controls (p < 0.01). Caucasians with 
hypothyroidism had a higher median TC compared to black Africans 
with hypothyroidism (p = 0.02), while TG, HDL-C and LDL-C were not 
different (p = 0.13, p = 0.10 and p = 0.24 respectively). 

Limited statistical analysis was performed on the Indian and mixed- 
race groups due to their low sample sizes. Tables showing the lipid 
values in these groups are included as Appendix 1 and Appendix 2, 
respectively. 

A TC/HDL ratio of 3.83 (3.14–4.52) was obtained for all patients 
with hypothyroidism where a TC and HDL-C value was available (n =
196). The control group with euthyroidism (n = 412), by comparison, 
had a lower TC/HDL ratio of 3.40 (2.78–4.24) (p < 0.001). 

All female patients with hypothyroidism had a median TC/HDL-C 
ratio of 3.75 (3.14–4.52), while males had a median TC/HDL-C ratio 
of 4.04 (3.10–4.62). Black African patients with hypothyroidism had a 
greater TC/HDL ratio than euthyroid controls (p = 0.005). TC/HDL ratio 
was not different in black African males with and without hypothy-
roidism (p = 0.424). 

Similarly, Caucasian patients had a greater TC/HDL ratio in the 

Table 1 
Demographic and biochemical characteristics of subjects with euthyroidism and 
hypothyroidism.   

Euthyroidism Hypothyroidism 

Age in years (mean, SD) 54.2 ± 15.9 54.5 ± 15.7 
Sex (n, %) 

Female 
Male  

360  
(87.4)52  
(12.6) 

180  
(87.4)26  
(12.6) 

Ethnicity (n, %) 
Black African 
Caucasian 
Indian 
Mixed-race 

278  
(67.5)84  
(20.4)34  
(8.3)16  
(3.9) 

139  
(67.5)42  
(20.4)17  
(8.3)8  
(3.9)  

Thyroid function (median, IQR) 
TSH 
FT4 

1.65  
(1.13 – 2.34)13.60  
(12.10 – 15.35)  

22.84 (13.54 – 47.69) 
**9.90 (7.15 – 12.2) 
** 

Lipogram (median, IQR) 
TC 
TG 
HDL-C 
LDL-C 

4.56  
(3.98–5.23)1.11  
(0.81–1.53)1.32  
(1.08–1.63)2.63  
(2.04–3.16) 

5.10  
(4.30–6.05)**1.27  
(0.95–1.82)**1.40  
(1.11–1.63)2.97  
(2.32–3.68)**   

Data are presented as median and interquartile range; and as percentages (%). 
*p < 0.05 as compared to euthyroid control **p < 0.01 as compared to euthyroid 
control 
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setting of hypothyroidism (p = 0.029). However, the difference seen in 
males did not reach statistical significance (p = 0.341), probably due to 
small sample size. 

Discussion 

Dyslipidemia is a common finding in hypothyroidism and is one of 
the main reasons why hypothyroidism is a risk factor for atherosclerotic 
cardiovascular disease [29,30]. One study reported dyslipidemia in 
more than 90% of individuals with overt hypothyroidism [15]. Many 
black African patients have, anecdotally, been found to have normal 
lipids in the setting of hypothyroidism. The majority of studies have 
been performed in predominantly Caucasian populations of North 
America, the UK and Europe [4,6,15,24]. 

This study sought to describe the prevalence of dyslipidemia in an 
ethnically diverse cohort of patients with hypothyroidism and to assess 
whether ethnic differences could account for an anecdotal absence of 
dyslipidemia seen in black African patients with hypothyroidism. 

Dyslipidemia was common across all ethnic groups with hypothy-
roidism. Overall, 71% of patients with hypothyroidism had some form of 
dyslipidemia; 32% had an isolated hypercholesterolemia, 10% had an 
isolated hypertriglyceridemia and 20% had both a raised TC and a raised 
TG. 

The prevalence of dyslipidemia among the euthyroid Caucasian 
controls was more generalizable to the large scale prevalence studies 
performed in populations elsewhere [31]. Half of euthyroid Caucasian 
control subjects had a TC greater than 5 mmol/L, 39% had an LDL-C 
greater than 3 mmol/L and 21 % had a TG level greater than 1.7 
mmol/L. Dyslipidemia was also more common among the Indian and 

mixed-race control populations, more than 30 % of which had a TC 
greater than 5 mmol/L. 

In the present study, euthyroid black African control subjects had a 
lower TC than their Caucasian counterparts, which may be indicative of 
a population group in the earlier stages of an epidemiological transition 
[32]. Indeed, 28 of euthyroid black African control subjects had a TC 
greater than 5 mmol/L. When adjusted for comparison with the Heart of 
Soweto study, only 14% of euthyroid black African subjects had a TC 
greater than 5.5 mmol/L. These prevalence estimates for dyslipidemia 
are predicted to rise in accordance with other countries on the African 
continent where dyslipidemia is a growing problem [33]. 

A gradual rise in the prevalence of non-communicable diseases in 
South Africa has occurred over the last few decades [34]. Shifts in the 
diet of black African people over the last 50 years has led to a 60% 
relative increase in fat intake [34]. Urbanization leads to diets higher in 
saturated fats, calories and sugar, but also a reduction in energy 
expenditure and the adoption of a more sedentary lifestyle [35]. 

Most of the hypothyroid patients with normal lipids in our study 
were black African. Indeed, 38 % of black African patients with hypo-
thyroidism had a normal lipogram. To the best of our knowledge, the 
only other larger study evaluating serum lipids in the setting of overt 
hypothyroidism, described normal serum lipids in only 8.6% of patients 
[15]. The Caucasian subjects with hypothyroidism in our study more 
closely resembled the results reported in their study with only 17% 
having a normal lipogram. 

Despite a reasonable proportion of black African subjects with hy-
pothyroidism having normal lipids, scatter plots showing associations 
between TSH and TC and TSH and LDL-C have linear fit lines which are 
very similar between Caucasian and black African subjects with 

Table 2 
Thyroid function tests in subjects with hypothyroidism and euthyroidism.   

Euthyroidism Hypothyroidism  

TSH FT4 TSH FT4  

n Median n Median n Median n Median 

All ethnicities 
Male   

Female 

412 
52 
360 

1.65 (1.13–2.34)1.73  
(1.26–2.23)1.64  
(1.11–2.34) 

165 
23 
142 

13.60 (12.1–15.35)13.50  
(11.4–15.4)13.7  
(12.18–15.33) 

206 
26 
180 

22.84 (13.55–47.69)19.05  
(11.98–36.89)24.18  
(14.10–49.18) 

153 
20 
133 

9.9 (7.15–12.2)10.40  
(8.7–14.48)9.90  
(6.45–12.15) 

Black African, all 
Male 
Female 

278 
32 
246 

1.64 (1.12–2.27)1.80  
(1.21–2.34)1.63  
(1.11–2.27) 

119 
15 
104 

13.30 (11.9–15.3)13.30  
(11.2–15.3)13.25  
(11.9–15.3) 

139 
16 
123 

24.97 (14.14–49.48)22.43  
(13.18–37.66)26.17  
(14.23–52.86) 

108 
14 
94 

10.10 (7.03–12.05)10.15  
(8.23–12.38)10.10  
(6.48–12.1) 

Caucasian, all 
Male 
Female 

84 
12 
72 

1.64 (1.18–2.42)1.55  
(1.33–2.2)1.68  
(1.15–2.44) 

32 
5 
27 

14.35 (13.2–15.58)14.10  
(13.15–16.7)14.50  
(13.1–15.6) 

42 
6 
36 

17.27 (12.90–35.60)14.42  
(10.17–44.43)17.27  
(13.05–33.67) 

29 
5 
24 

9.5 (4.7–12.25)11  
(6.8–17.65)8.95  
(4.6–11.55) 

Indian, all 
Male 
Female 

34 
6 
28 

2.01 (0.99–2.67)2.16  
(1.62–2.57)1.86  
(0.92–2.68) 

10 
2 
8 

13.25 (11.58–15.4) 
11.3514.20  
(12.4–16.8) 

17 
3 
14 

27.08 (12.72–34.95) 
13.3627.51  
(12.80–34.35) 

12 
1 
11 

12.15 (9.9–15.68) 
12.9012.10  
(9.80–16.60) 

Mixed-race 
Male 
Female 

16 
2 
14 

1.40 (1.17–1.80) 
1.411.40  
(1.15–1.89) 

4 
1 
3 

16.4 (14.60–18.58) 
17.0015.8  
(14.20–15.80) 

8 
1 
7 

33.46 (13.43–70.85) 
12.1137.89  
(16.80–75.80) 

4 
- 
4 

6.60 (1.13–14.25) 
-6.60  
(1.13–14.25) 

Data presented as medians and interquartile ranges. 

Table 3 
Lipid profiles in black African subjects with euthyroidism and hypothyroidism   

Euthyroidism Hypothyroidism  

n TC (mmol/L) TG (mmol/L) HDL-C (mmol/ 
L) 

LDL-C (mmol/ 
L) 

n TC TG HDL-C LDL-C 

All 278 4.37 (3.83- 
5.13) 

1.03 (0.77- 
1.46) 

1.27 (1.06- 
1.55) 

2.53 (1.98- 
3.07) 

139 4.93 (4.17-5.82) 
** 

1.20 (0.92- 
1.80)* 

1.38 (1.11- 
1.60) 

2.95 (2.27-3.60) 
** 

Males 32 4.39 (3.65- 
4.99) 

1.02 (0.84- 
1.41) 

1.13 (0.96- 
1.39) 

2.49 (1.94- 
2.97) 

16 4.49 (3.53-6.04) 1.16 (0.71- 
1.54) 

1.19 (1.02- 
1.43) 

2.49 (1.74-3.09) 

Females 246 4.37 (3.88- 
5.13) 

1.03 (0.76- 
1.48) 

1.31 (1.08- 
1.56) 

2.53 (1.98- 
3.10) 

123 5.04 (4.23-5.80) 
** 

1.21 (0.93- 
1.83)* 

1.39 (1.12- 
1.61) 

3.02 (2.40-3.60) 
** 

Data are presented as medians and interquartile ranges. 
*p<0.05 as compared to euthyroid control **p<0.01 as compared to euthyroid control 
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Fig. 1. Scatter plot with fit lines showing the positive relationship between TSH and TC in black African (ρ = 0.345, n = 139, p < 0.01) and Caucasian patients (ρ =
0.277, n = 42, p = 0.04) with hypothyroidism. 

Fig. 2. Scatter plot with fit lines showing the positive relationship between TSH and LDL-C in black African (ρ = 0.291, n = 124, p < 0.01) and Caucasian patients (ρ 
= 0.207, n = 42, p = 0.10) with hypothyroidism. 
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hypothyroidism. 
O’Brien et al also reported on atherogenic TC/HDL-C ratios among 

subjects with hypothyroidism with ratio values of 6.4 in males and 4.7 in 
females [15]. Females tend to have higher HDL-C and, as a result, lower 
TC/HDL-C ratios. 

In this study, euthyroid subjects had median TC/HDL-C ratios of 3.4, 
a value below average risk for cardiovascular disease [36]. By com-
parison, hypothyroid patients had a higher median TC/HDL-C ratio of 
3.83, but did not reach the highly atherogenic ratios reported by O’Brien 
et al. [15] Similar to other reported studies, females had lower TC/HDL- 
C ratios [15,36]. All values obtained for TC/HDL-C in our study fall 
below the average risk for cardiovascular disease. Indeed, they would 
follow the first tertile of the Kaplan-Meier curve showing survival time 
without coronary heart disease from the Framingham Heart Study [37]. 

There were some limitations in this study. Estimation of cardiovas-
cular risk based on cholesterol alone is difficult without also knowing 
other traditional cardiovascular risk factors such as body mass index, 
hypertension and smoking history. The control group was randomly 
chosen from a “hospital-going population” and, while efforts were made 
to exclude subjects with known secondary causes of dyslipidemia, a 

euthyroid group without co-morbid illness, obtained from the general 
population may have had an even lower prevalence of dyslipidemia. 

Conclusion 

Dyslipidemia is less common in black African patients with hypo-
thyroidism when compared to other ethnic groups with hypothyroidism. 
However, this occurs in the context of a population group in an earlier 
stage of epidemiologic transition where the prevalence of dyslipidemia 
is less among euthyroid individuals. Although set at a lower level, a 
linear, positive correlation between TSH and TC as well as TSH and LDL- 
C is similar between Caucasian and black African patients with hypo-
thyroidism. The TC/HDL-C ratio, a measure of cardiovascular risk, is 
increased in the setting of hypothyroidism. The ratio was similar be-
tween Caucasian and black African patients. The TC/HDL-C ratio did 
not, however, reach the markedly atherogenic levels reported in previ-
ous studies and placed individuals only at an average cardiovascular 
risk. 

Fig. 3. Scatter plot with fit lines showing the negative relationship between FT4 and TC in black African (ρ = -0.344, p < 0.01) and Caucasian patients (ρ = -0.410, n 
= 29, p-value indeterminate due to small sample size) with hypothyroidism. 

Table 4 
Lipid profiles in Caucasian subjects with euthyroidism and hypothyroidism   

Euthyroidism Hypothyroidism  

n TC TG HDL-C LDL-C n TC TG HDL-C LDL-C 

All 84 5.01 (4.51- 
5.58) 

1.13 (0.87- 
1.61) 

1.43 (1.16- 
1.78) 

2.87 (2.39- 
3.26) 

42 5.45 (4.72-6.34) 
* 

1.41 (1.00-2.04) 
* 

1.41 (1.23- 
1.84) 

3.02 (2.60- 
3.99) 

Males 12 4.11 (3.46- 
5.25) 

0.90 (0.78- 
2.07) 

1.15 (0.98- 
1.20) 

2.62 (1.83- 
3.49) 

6 5.42 (4.83-6.15) 1.58 (1.24-2.14) 1.36 (1.22- 
1.49) 

3.40 (2.47- 
4.22) 

Females 72 5.06 (4.69- 
5.68) 

1.15 (0.92- 
1.59) 

1.56 (1.29- 
1.80) 

2.89 (2.44- 
3.26) 

36 5.45 (4.71-6.45) 1.37 (1.00-2.06) 1.45 (1.23- 
1.86) 

3.02 (2.60- 
4.00) 

Data are presented as medians and interquartile ranges 
*p<0.05 as compared to euthyroid control **p<0.01 as compared to euthyroid control. 
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