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Abstract

Background: Hypothyroidism has been identified as a comorbidity 
related to chronic kidney disease (CKD). The retrospective study in-
vestigated thyroid function and CKD, and assessed the relationship 
between thyroid-stimulating hormone (TSH) and urine albumin/cre-
atinine ratio (ACR), and the slope of estimated glomerular filtration 
rate (eGFR), stratified by CKD grades.

Methods: This retrospective cohort study was conducted in a com-
munity nephrology clinic established with clinical and demographic 
data, from April 1, 2015 until December 30, 2019. Hypothyroidism 
prevalence, eGFR slope and ACR were the outcomes of interest and 
were analyzed by using unconditional and adjusted generalized linear 
model (GLM) and logistic regression model.

Results: Of the 312 subjects, 58.3% were male, 12.8% had hypothyroid-
ism, and 43.3% had diabetes mellitus, with the median age of 73 years 
(interquartile range (IQR): 29 - 99). The hypothyroidism prevalence was 
9.4%, 11.5%, 15%, and 17.5% for the CKD categories defined as grade 
1 and 2 combined, grade 3, grade 4, and grade 5, respectively. The over-
all median eGFR slope was -0.0027 (IQR: -0.158 - 0.602). With GLM 
models, the adjusted odds ratio of 1.052 (95% confidence interval (CI): 
1.006 - 1.100) was calculated for TSH level > 5 µIU/L (Q2), per unit 
mL/min/day decline in eGFR slope. The overall median urine ACR was 
10.2 mg/mmol (IQR: 0.24 - 1,414). In a GLM model with urine ACR 
per unit mg/mmol, the adjusted odds ratio of TSH level of > 1.8 µIU/L 
(50th percentile) was 1.02 (95% CI: 1.01 - 1.23).

Conclusions: The prevalence of hypothyroidism increased with 
worsening eGFR grades from 9.4% to 17.4% at baseline. The higher 
TSH levels were associated with faster decline in eGFR and higher 
levels of albuminuria. Furthermore, prospective studies are needed to 
evaluate the effect of hypothyroidism treated on renal function.

Keywords: Thyroid-stimulating hormone; Chronic kidney disease; 
Proteinuria; Estimated glomerular filtration rate

Introduction

In the general population, there are 10-13.4% individuals di-
agnosed with chronic kidney disease (CKD) [1, 2]. In addition 
to hypertension, anemia, cardiovascular disease and conges-
tive heart failure, hypothyroidism has been identified as a co-
morbidity related to CKD, which is usually accompanied by 
metabolic syndrome. The prevalence of hypothyroidism ac-
companied by CKD ranges between 3% and 25% [3]. Thyroid-
stimulating hormone (TSH) levels of 3 - 5, 5 - 10 and > 10 
mIU/L were associated with incrementally increased mortality 
risk of time-adjusted hazard ratios (95% CI) 1.27 (1.22 - 1.32) 
and 1.13 (1.02 - 1.25), respectively [4].

The primary objective of this study was to assess the re-
lationship of hypothyroidism to urine albumin/creatinine ratio 
(ACR), slope of estimated glomerular filtration rate (eGFR), 
hypothyroidism and different grades of CKD.

These objectives were met in a retrospective cohort, com-
piled from a nephrology clinic of a community hospital in 
Quebec. A random sample of 312 subjects was entered into an 
electronic database from the following data sources: labora-
tory data from the Reflections database, clinical examination, 
medication list and demographical data from clinic charts, 
electrocardiography (ECG) data from Cardiology data man-
agement electronic database and radiological data from web-
based PACs database.

Materials and Methods

The inclusion criteria for sample size were an age of ≥ 18, with 
three eGFR readings of ≤ 90 mL/min/1.73 m2 and a life ex-
pectancy of more than 6 months. The subjects were excluded 
if the individuals were noted to have acute kidney injury, ex-
pected to require renal replacement therapy within 3 months, 
or transferred to another health care facility. Ethics approval 
was obtained from the St. Mary’s Hospital Research Ethics 
Board SMHC-20-03 in accordance to the Helsinki declaration.

Age, gender, race, diabetes status, cause of renal disease, 
comorbidities, height, weight, blood pressure, baseline eGFR, 
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baseline CKD grade, hemoglobin, sodium, potassium, cal-
cium, phosphate, TSH, hemoglobin A1c, proteinuria and uric 
acid were the variables collected for the database. Absolute he-
moglobin A1c was calculated by multiplying hemoglobin A1c 
by the hemoglobin in g/L [5].

Sample size calculation

For the calculation of sample size using logistic regression for 
albuminuria, the assumption of 10% hypothyroidism preva-
lence compared with 15% of hypothyroidism prevalence in the 
effect size of 0.5, power of 80% and alpha error of 0.05, the 
required sample size is 329. Similarly, if the effect size is 0.04, 
the power is set at 80%, alpha error of 0.05, for the desired lin-
ear regression analysis for slope of eGFR, with the anticipated 
TSH level above the 50th percentile (Q2), the required sample 
size is 274 [6].

Sample size acquisition

The research team identified a random sample of 312 medi-
cal charts from a nephrology clinic of a community hospital 
and all data were collected and entered into an electronic excel 
database.

Outcomes

The eGFR slopes were calculated for individual patients using 
three or more eGFR values collected over time of follow-up 
and the linear regression models. Baseline urine ACR was re-
corded to carry out linear regression models as well.

Hypothyroidism was diagnosed as TSH level above 5 
µIU/L (Q2). The TSH levels were categorized by greater than 
50th (Q2) and 75th percentiles (Q3), as well.

Results

Of the 312 subjects, 58.3% (182/312) were male, 12.8% had a 
diagnosis of hypothyroidism (40/312), 43.3% (135/312) had a 
diagnosis of diabetes mellitus, with a median age of 73 (inter-
quartile range (IQR): 29 - 99) (Table 1). Their baseline eGFR 
was 34 mL/min/1.73 m2 (IQR: 9 - 93). The duration of the 
follow-up period was 24.4 (IQR: 0.93 - 103.5) months (Table 
1). When the subjects were divided into CKD categories (< 
15, 15 - 30, 30 - 60 and > 60 mL/min/1.73 m2), a progressive 
increase in the proportion with the diagnosis of diabetes mel-
litus, dementia, proteinuria and ferritin was observed with sta-
tistical significance (Table 2). Conversely, there was a statisti-
cally significant progressive decline in eGFR, serum albumin 
and hemoglobin, also evident.

The overall median eGFR slope was -0.0027 (IQR: -0.158 
- 0.602) (Table 1). When generalized linear regression models 
were applied for the decline in eGFR slope, an odds ratio (OR) 
of 1.052 (95% CI: 1.006 - 1.100) was calculated for a TSH lev-

el > 5 µIU/L (Q2), after adjusting for systolic blood pressure, 
proteinuria and baseline eGFR (Table 3). Absolute hemoglobin 
A1c was not included due to not being an a priori objective.

The overall median urine ACR was 10.2 mg/mmol (IQR: 
0.24 - 1,414). When baseline urine ACR ratio was assessed in 
a multivariate generalized linear regression model, the TSH > 
1.8 µIU/L (50th percentile) had an OR of 1.1.02 (95% CI: 1.01 
- 1.23), after adjusting for diabetes mellitus history, systolic 
blood pressure and eGFR at baseline presentation (Table 4).

Discussion

It has been reported that the prevalence of hypothyroidism in 
CKD has ranged between 3% and 25% [2]. Our study findings 
show a similar progressive increase in the prevalence of hypo-
thyroidism with worsening eGFR grades from 9.4% to 17.4%. 
Both the studies of Rhee et al [7] and Lo et al [8] confirmed 
an increased prevalence of subclinical and clinical hypothy-
roidism in persons with CKD [7, 8]. Their findings were again 
indicative of the progressive increase in the prevalence of hy-
pothyroidism with the increasing CKD grades [8].

Treatment for hypothyroidism resulted in a slower decline 
in renal function than untreated hypothyroidism [9]. Lower T3 
levels in the renal transplant literature have shown to be linked 
with faster renal transplant graft loss [10]. Our study shows 
similar results but because of a small effect size, it marks an 
association of 5% increase in OR of elevated TSH levels with 
a negative eGFR slope.

Proteinuria has been reported with both hyperthyroidism 
and hypothyroidism. Hyperthyroidism is associated with tub-
ulointerstitial disease [3]. Immune complex renal disease and 
minimal change disease have also been reported in Hashimoto 
thyroiditis [3]. Nephrotic syndrome can cause thyroxine bind-
ing protein loss such as thyroglobulin binding protein, then 
can lead to higher TSH levels and subclinical hypothyroidism 
[11].

Hypothyroidism has multiple effects on renal tubules. It 
is linked to a decreased activity of the renin-angiotensin II - 
aldosterone axis, the proximal tubule Na/Phosphate pump, 
the Na - hydrogen pump and the sodium potassium ATPase 
pump [3]. The increased levels of antidiuretic hormone (ADH) 
are noted in hypothyroidism, resulting in hyponatremia. Low 
thyroxine levels have been reported to decrease cardiac out-
put and decrease renal blood flow which in turn lowers GFR 
[3]. Conversely, hyperthyroidism increases cardiac output, in-
creases renal blood flow and results in renal hyperfiltration [3].

Another possible biological explanation for worsening 
renal function with hypothyroidism could be due to hypercal-
ciuria and nephrocalcinosis. In both humans and animal mod-
els, there is a documented relationship with elevated TSH and 
hyperparathyroidism, resulting in hypercalcemia that can de-
velop ultimately nephrocalcinosis [12].

The limitations of the study include retrospective bias, as 
well as the selection bias of sampling one nephrologist clinical 
practice. The study, like retrospective cohorts, is unable to ac-
count for all unperceived confounding factors. The results are 
limited in significance because of the relatively small sample 
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Table 1.  Baseline Characteristics

Demographics Number of subjects Median/proportion IQR/ratio
Age (years) 312 73 29 - 99
Gender: male 58.33% 124/212
Height (m) 297 1.68 0.91 - 1.7
Weight (kg) 299 78.4 34 - 150
BMI (kg/m2) 294 27.8 16.8 - 48.8
Race 312
  Caucasian 184 59%
  Arab 36 11.5%
  Asian 51 16.4%
  Black 20 6.4%
  Europe 16 5.1%
  South American 5 1.6%
Comorbidities
  Diabetes mellitus 312 43.3% 92
  Dementia 312 2.2% 5
  Pacemaker 312 6.1% 13
  Gout 312 14.4% 31
  GERD 312 9.9% 21
  Atrial fibrillation 312 12.5% 27
  Peripheral vascular disease 312 11.5% 24
  Cerebrovascular disease 312 9.9% 21
  Coronary artery disease 312 26% 55
  Congestive heart failure 312 13.5% 42
  Cancer 312 31% 66
  Liver disease 312 2.2% 7
  COPD 312 16.7% 35
  Deep venous thrombosis 312 4.2% 9
  Dyslipidemia 312 43.2% 92
  Hematuria 312 30.7% 65
  Proteinuria 312 43.2% 134
  Hypothyroidism 312 12.8% 40
Clinic variable
  Systolic blood pressure (mm Hg) 306 141 88 - 239
  Diastolic blood pressure (mm Hg) 306 75 40 - 104
  Heart rate (beats per minute) 307 71 32 - 140
Medication
  Levothyroxine (µg) 39 88 0-225
Laboratory
  Thyroid-stimulating hormone (µIU/L) 211 1.85 0.06 - 109.5
  Baseline eGFR (mL/min/1.73 m2) 312 34 9 - 93
  Hemoglobin 312
    < 100 g/L 14.1% 30
    ≥ 100 g/L 85.9% 182
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size. Given the smaller effect size of TSH levels associated 
with eGFR slope, the results are limited in significance due 
to a relatively small sample size. The tetraiodothyronine (T4) 
levels were not available for all subjects, because the institu-
tion did not include this thyroid function test.

Conclusions

In clinical practice, the thyroid tests for prognosis and/or renal 
function stabilization should be considered in the management 
CKD. Further studies are needed to determine whether treat-
ment of hypothyroidism reverses the progression of CKD and 
improves the albuminuria.
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Demographics Number of subjects Median/proportion IQR/ratio
  Serum creatinine (µmol/L) 312 147 63 - 626
  Hemoglobin (g/L) 307 123 76 - 172
  Serum sodium (mmol/L) 306 139 132 - 145
  Serum potassium (mmol/L) 306 4.5 2.6 - 6.2
  Serum bicarbonate (mmol/L) 265 26 14 - 33
  Blood urea (mmol/L) 280 10.4 2.9 - 42.8
  Serum albumin (g/L) 295 39 19.5 - 47
  Serum uric acid (µmol/L) 289 391 117 - 879
  Total cholesterol 269 4.31 1.92 - 8.63
  HDL (mmol/L) 264 1.14 0.54 - 2.64
  LDL (mmol/L) 264 2.29 0.56 - 5.85
  Serum calcium (mmol/L) 218 2.38 2.16 - 2.76
  Ionized calcium (mmol/L) 78 1.26 1.13 - 1.39
  Serum phosphate (mmol/L) 291 1.2 0.63 - 2.26
  C-reactive protein (mg/L) 241 5.5 2.03 - 293
  Ferritin (µg/L) 279 72 2.22 - 1022
  HbA1c (%) 275 5.8 4.8 - 11.3
  Absolute HbA1c (%) 273 7.3 4.1 - 15.1
  Urine albumin/creatinine ratio (mg/mmol) 270 10.2 0.24 - 1,414
  eGFR slope (mL/min/1.73 m3/day) 306 -0.00270 -0.158 - 0.602
Radiology
  Right kidney (cm) 289 9.9 3.2 - 27.5
  Left kidney (cm) 294 10 5 - 28.2
  Average kidney (cm) 289 9.8 4.8 - 27.9
  Total kidney volume (mL3) 294 257.8 66 - 3,765.4

BMI: body mass index; GERD: gastroesophageal reflux disease; COPD: chronic obstructive pulmonary disease; HbA1c: hemoglobin A1c; eGFR: 
estimated glomerular filtration rate; HDL: high-density lipoprotein; LDL: low-density lipoprotein; IQR: interquartile range.

Table 1.  Baseline Characteristics - (continued)
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