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Tiivistelmä / Summary 60 

 61 

Prevalence of obesity has extended into pandemic-like proportions in the last few decades. Obesity (body 62 

mass index (BMI) ≥30 kg/m2) leads to a myriad of complications such as hypertension, type 2 diabetes, 63 

chronic kidney disease as well as neurodegenerative diseases and different types of cancer.   64 

Based on individual tendencies, obesity related excess fat is distributed between visceral and subcutaneous 65 

adipose tissue compartments. It has been shown that visceral adipose tissue (VAT) has a greater association 66 

with the development of comorbidities compared to subcutaneous adipose tissue (SAT). Visceral adipose 67 

tissue compartments include fat around abdominal organs as well as inside sinus-like structures. The subject 68 

of interest regarding this study was to measure fat accumulation in the renal sinus, a hilum structure where 69 

blood vessels, lymph vessels and ureters enter the kidney. It is considered that fat accumulation at the renal 70 

sinus creates increased mechanical pressure against the soft venous structures, hence leading to the 71 

activation of blood pressure altering renin-angiotensin-aldosterone -system. This theory might explain at 72 

least partly the phenomenon of obesity-related hypertension. 73 

When it comes to remission from obesity related comorbidities, amount of weight lost and the maintenance 74 

of the new weight play a crucial role. Based on several studies, bariatric surgery has been recognized as the 75 

most efficient way to lose weight as well as achieve remission from metabolic comorbidities compared to 76 

conservative methods. Much to our interest, both hypertension and chronic kidney disease can be alleviated 77 

as a result of bariatric surgery. Hence, in this study we wanted to assess whether the amount of RSF 78 

decreases after bariatric surgery and whether the change in the amount of RSF associates with remission 79 

from hypertension. 80 

The study population consisted of 74 patients with obesity and 46 lean control subjects. The groups were 81 

well-matched for age and sex. Both groups underwent broad metabolic blood sample analyses and 82 

MR-imaging. Patients with obesity were studied before and after bariatric surgery.  The MRI data were 83 

analyzed using a “single slice technique” as proposed by Foster et al.  Renal function was evaluated with 84 

estimated GFR (eGFR) according to the EPI-CKD formula. 85 

This study resulted in several outcomes: First, patients with obesity accumulated more fat in the renal sinus 86 

compared to healthy lean individuals. Patients with hypertension also have larger RSF, compared to 87 

normotensive subjects and in the pooled data renal sinus fat correlates inversely with eGFR. Following 88 



 

 

bariatric surgery, RSF was decreased and patients who achieved hypertension remission had a larger 89 

decrease in RSF compared to patients who did not achieve remission. Finally, in patients with no 90 

hypertension remission, a larger decrease in RSF was associated with a decrease in the number of 91 

antihypertensive drugs used. 92 

The study results were in line with previous findings. We were able to demonstrate an association between 93 

RSF change and remission from hypertension, as well as the number of antihypertensive drugs needed. 94 

However, we could not show a direct link between RSF and blood pressure values, probably because of the 95 

masking effect of antihypertensive drugs used by patients with hypertension diagnosis. A significant 96 

strength of our study was our thorough assessment of MRI both pre and post bariatric surgery. Limitations 97 

of the present study were the relatively small study population and the greater number of women studied 98 

compared to men. Also, our analyses provided us with larger RSF areas than previously reported data which 99 

on the other hand didn’t seem to affect the main findings. In conclusion, we were able to add valuable 100 

information to the previously existing findings and thus support the theory suggesting the role of RSF in the 101 

pathogenesis of obesity related hypertension. 102 
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Abstract: Renal sinus fat is a fat depot at the renal hilum. Because of its location around the renal 123 

artery, vein, and lymphatics, an expanded renal sinus fat mass may have hemodynamic and renal 124 

implications. We studied whether renal sinus fat area (RSF) associates with hypertension and 125 

whether following bariatric surgery a decrease in RSF associates with improvement of hyperten- 126 

sion. 74 severely obese and 46 lean controls were studied with whole-body magnetic resonance 127 

imaging (MRI). 42 obese subjects were re-studied 6-months after bariatric surgery. RSF was as- 128 

sessed by two independent researchers using sliceOmatic. Glomerular filtration rate (eGFR) was 129 

estimated according to the CKD-EPI. Patients with obesity accumulated more RSF compared to 130 

lean controls (2.3 [1.7-3.1] vs 1.8 [1.4-2.5] cm2, p=0.03). Patients with hypertension (N=36) had a 131 

larger RSF depot compared to normotensive subjects (2.6 [2.0-3.3] vs 2.0 [1.4-2.5] cm2, p=0.0007), 132 

also after accounting for body mass index (BMI). In the pooled data, RSF was negatively associated 133 

with eGFR (r=-0.20, p=0.03), whereas there was no association with systolic or diastolic blood 134 

pressure. Following bariatric surgery, RSF was reduced (1.6 [1.3-2.3] vs 2.3 [1.7-3.1] cm2, p=0.03) 135 

along with other markers of adiposity. 9/27 of patients achieved remission from hypertension and 136 

remission was associated with a larger decrease in RSF, compared to patients who remained hy- 137 

pertensive (-0.68 [-0.74 to -0.44] vs -0.28 [-0.59 to 0] cm2, p=0.009). Accumulation of RSF seems to be 138 

involved in the pathogenesis of hypertension in obesity. Following bariatric surgery, loss of RSF 139 

was associated with remission from hypertension.  140 

Keywords: renal sinus fat; obesity; bariatric surgery  141 

 142 

1. Introduction 143 

In the last decades, we have been facing a global epidemic of obesity, with the 144 

prevalence of the disease having tripled in the last four decades [1]. Currently, more than 145 

1.9 billion people are overweight and over 650 million people are obese [1]. Obesity leads 146 

to a myriad of metabolic complications: type 2 diabetes (T2D), hypertension, 147 

dyslipidemia, cardiovascular disease, chronic kidney disease (CKD), neurodegenerative 148 

diseases, asthma, musculoskeletal disorders, higher vulnerability to infections, as well as 149 

an increased risk for many types of cancers [2–8].   150 
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Arterial hypertension is directly related to obesity in at least 75% cases [6]; vice 151 

versa, up to 50% of obese individuals may suffer from arterial hypertension [7]. Hyper- 152 

tension is a well-established risk factor for end-stage renal failure [9]. Together with 153 

renin-angiotensin-aldosterone system (RAAS) activation, renal venous hypertension in- 154 

creases glomerular and renal interstitial hydrostatic pressure leading to decreased net 155 

filtration pressure and glomerular filtration rate (GFR) [7].  156 

Renal sinus is the perirenal hilum region at the medial border of the kidney where 157 

the renal artery, the renal vein, lymphatic vessels, and the ureter enter the kidney. Ex- 158 

pansion of the renal sinus fat mass, which is a part of visceral adipose tissue (VAT), has 159 

been associated to both higher systolic blood pressure, or higher number of antihyper- 160 

tensive drugs needed [10,11], as well as to decreased GFR [10,12], and microalbuminuria 161 

[13]. Mechanistically, excessive fat accumulation in the renal sinus would result in in- 162 

creased intra-abdominal pressure and compression of the low-pressure renal venous 163 

structures [14,15], with resulting alteration of the renal hemodynamics, possibly by acti- 164 

vation of the RAAS [15]. Thus, expansion of the renal sinus fat mass seems to be involved 165 

in the further deterioration of hypertension and renal dysfunction in patients with obe- 166 

sity. While most dietary interventions fail, bariatric surgery is currently the most effective 167 

means to inducing good and sustained weight loss [16] and long-lasting remission of T2D 168 

[17], even though not exempt from complications such as postprandial hypoglycaemia 169 

[18,19] and nutritional deficiencies [20,21]. Bariatric surgery has also been shown to im- 170 

prove renal function and contribute to a significant reduction in blood pressure [22]. 171 

However, thus far it has not been studied whether weight loss following bariatric surgery 172 

leads to reduction of the renal sinus fat mass and whether such a decrease may be related 173 

to improvement of renal and hypertension outcomes following significant sur- 174 

gery-induced weight loss. Therefore, in this study, we assessed whether renal sinus fat 175 

area (RSF) associates with hypertension and whether following bariatric surgery a de- 176 

crease in RSF associates with improvement of hypertension.  177 

2. Materials and methods 178 

2.1. Participants and study design   179 

Data of three clinical studies were analyzed, where the main topic was to assess 180 

differences in tissue metabolism between obese and lean individuals and the effect of 181 

bariatric surgery-induced weight loss on whole-body insulin sensitivity and tissue me- 182 

tabolism [23–25]. Whereas subjects were studied with both positron emission tomogra- 183 

phy and whole-body MRI, in the present analysis the MRI data only were used and an- 184 

alysed. The dataset comprised of 74 patients with morbid obesity and 46 lean controls. 185 

Inclusion and exclusion criteria and the surgical techniques have been previously de- 186 

scribed in detail [26]. In brief, patients with obesity who were referred to the Turku 187 

University Hospital for bariatric surgery were recruited. The inclusion criteria were 188 

BMI > 40 kg/m2 or > 35 kg/m2 with an additional risk factor, age 18–60 years and a history 189 

of non-successful carefully planned conservative treatments. Individuals using insulin 190 

treatment and/or with mental disorders, eating disorders, excessive use of alcohol or 191 

poor compliance were excluded, as were those with a body weight over 150 kg, because 192 

of restrictions of the imaging devices. Healthy lean participants were recruited via an 193 

advertisement in local newspapers. Thirty six patients with obesity had arterial hyper- 194 

tension defined as arterial blood pressure greater than 140/90 mmHg, use of antihyper- 195 

tensive medication to lower blood pressure [27], or previous diagnosis of hypertension. 196 

All lean subjects had normal blood pressure. Forty-two patients with obesity underwent 197 

bariatric surgery (19/42 underwent gastric bypass, and the rest laparoscopic Sleeve gas- 198 

trectomy) and were re-studied with basic anthropometric and biochemical studies as also 199 

with a standard 75-g oral glucose tolerance test, and whole-body MRI six months after 200 

the intervention. Lean subjects were studied with the same evaluations once (Figure 1). 201 

Remission from hypertension was defined as normal blood pressure levels without the 202 

need for antihypertensive medication at the follow-up visit [28]. Change in number of 203 



 

 

antihypertensive drugs used was also assessed. The study protocols were approved by 204 

the Ethics Committee of the Hospital District of Southwest Finland, and all subjects gave 205 

their written informed consent before participating in the study (NCT00793143; studies 206 

performed from March 2009 to October 2010, NCT01373892; studies performed from 207 

March 2011 to October 2013 and NCT04343469; studies performed from February 2019 to 208 

June 2021). 209 

 210 
Figure 1. Flow chart of the study.   211 

2.2. Study protocol 212 

Clinical screening, anthropometric and biochemical measurements were performed 213 

as previously described [26]. Blood pressure was measured with OMRON 711 automatic 214 

blood pressure monitor (Omron Corporate, Kyoto, Japan). Before the measurements 215 

subjects were sitting for >10 minutes in a quiet room. A study nurse then assessed each 216 

subject twice for blood pressure measurements within a five-minute interval and the 217 

average value was considered for the analysis. Subjects then underwent whole-body 218 

magnetic resonance imaging (MRI) with either a Philips Gyroscan Intera 1.5 T CV Nova 219 

Dual scanner (Philips, Amsterdam, The Netherlands) or with a Siemens Magnetom Skyra 220 

fit 3T MRI scanner (Siemens Medical Solutions, Erlangen, Germany). MRI acquisition 221 

was performed with axial T1-weighted dual fast field echo images (echo time (TE) 2.3 222 

and 4.6 ms, repetition time (TR) 120 ms, slice thickness 10 mm without gap, matrix 256 x 223 

256) or with T1-weighted 3D VIBE two-point DIXON se-quence in breath-hold mode (TE 224 

1.2 and 2.5 ms, TR 4.0 ms, slice thickness 2 mm with 0.4 mm gap, matrix 182 x 224). Sub- 225 

jects were scanned from head to knee or to ankle in a supine position. Total scan duration 226 



 

 

was 20 minutes. In obese patients, the imaging studies were performed before the 227 

standard four-week very-low calorie diet that preceded surgery.   228 

 229 

2.3. Distribution of body fat 230 

Abdominal fat volumes were calculated by one user (P.D.) from a whole-body MRI scan 231 

(Gyroscan Intera CV Nova Dual; Philips, Amsterdam, the Netherlands, or 3T Skyra, 232 

Siemens) using the SliceOmatic Tomovision software (version 4.3) as previously reported 233 

[23] (Figure 2C). 234 

2.4. Renal sinus fat area (RSF) determination   235 

Figure 2A provides a sketch of the renal anatomy. A single MRI slice of RSF 236 

measurement was done as previously described [10,12]. After visual inspection of the 237 

whole kidney area, the areas of renal sinus fat on both kidneys were identified by using 238 

anatomic landmarks and were manually segmented within the curvature of the kidney, 239 
excluding the renal vasculature and the renal collecting system (Figures 2B-C). Left and 240 

right RSF values are shown in Table 1, and then the two measurements were averaged 241 

and were used in the analyses (average RSF = (left RSF+right RSF)/2). 242 

 243 

Figure 2. Sketch of the renal anatomy (Source:[29] distributed under the terms of the Creative 244 
Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), (A). 245 
Representative examples of an MRI (B) and RSF measurement (green), SAT (red) and VAT (yellow) 246 
volume (C). For RSF, a single MRI slice approach was followed. RSF was manually traced, ex- 247 
cluding the renal artery and vein from the RSF measurements.  248 

 249 

2.5. Estimated glomerular filtration rate (eGFR)   250 

eGFR was calculated by the Chronic Kidney Disease Epidemiology Collaboration 251 

(CKD-EPI) equation [30]. 252 

2.6. Body surface area (BSA)   253 

BSA was estimated as previously described by Du Bois & Du Bois, a formula using each 254 

individual’s body weight and height [31]. 255 

2.7. Oral glucose insulin sensitivity (OGIS)   256 



 

 

OGIS was calculated from the oral glucose tolerance test data, as previously described by 257 

Mari et al. [32]. 258 

2.8. Analytical methods   259 

Glycosylated hemoglobin (HbA1c) was measured with ion-exchange high performance 260 

liquid chromatography (Variant II Haemoglobin A1c, Bio-Rad Laboratories, CA, USA), 261 

or a photometric immunoturbidimetric method (Tina-quant Hemoglobin A1c Gen 3, 262 

Cobas c501, Roche Diagnostics GmbH, Mannheim, Germany). Plasma insulin and 263 

C-peptide were determined by automatized electro-chemiluminescence analyser 264 

immunoassay (Modular E170, Roche Diagnostics GmbH, Mannheim, Germany) [33]. 265 

Plasma glucose, total cholesterol, HDL-cholesterol, triacylglycerols, and creatinine were 266 

measured with a photometric, enzymatic method (Modular P800 or Cobas c702, Roche 267 

Diagnostics GmbH, Mannheim, Germany) and LDL-cholesterol using the Friedewald 268 

formula [34] or automatised enzymatic assay (Cobas c702, Roche Diagnostics GmbH, 269 

Mannheim, Germany). Serum high-sensitivity C-reactive protein (hs-CRP) was analysed 270 

using immunonephelometry. Detailed information regarding the analytical methods 271 

used can be found on the official laboratory services handbook of Turku University 272 

Hospital laboratory units (http://webohjekirja.mylabservices.fi/TYKS/).  273 

 274 

2.9. Statistical analysis 275 

 Data were presented as mean ± SD (or median [IQR] for non-normally distributed 276 

variables). Categorical variables were expressed as percentages. The comparison between 277 

categorical variables was performed by the chi2 test. Group comparison were performed 278 

with Students’t-test for normally distributed, or the Wilcoxon rank test for non-normally 279 

distributed variables. Associations were tested with a linear logistic regression analysis. 280 

Statistical analyses were done using JMP version 13.0 (SAS Institute, Cary, NC, USA). A p 281 

value <0.05 was considered statistically significant. Plots were created using the packages 282 

ggplot2 and psych of the R statistical computing environment 4.1.1 (2021-08-10) and 283 

Rstudio (version 1.4.1717)[35,36]. To assess reliability of measurement, 30 cases were 284 

independently analysed by another operator (E.S.), blind to the assessment by the other 285 

reader (E.M.). We assessed interrater reliability by variability (absolute difference 286 

between measurements by two readers, divided by the average of those measurements), 287 

and intraclass correlation coefficients (ICC). Whilst there are no generally accepted 288 

criteria about interpretation of ICC values, we used the suggestion from Portney and 289 

Watkins, where <0.5 is poor, 0.5–0.75 is moderate, 0.75–0.9 is good, and > 0.9 represents 290 

excellent reliability as a guideline [37]. We found interrater variability (13% for the right 291 

renal fat measurement and 12% for the left), and an ICC estimate of 0.91 for the right-side 292 

measurements and 0.86 for the left-side measurements, suggesting good to excellent 293 

agreement.  294 

 295 

3. Results 296 

Patients with obesity and healthy lean controls were well-matched in terms of age, 297 

but as expected patients affected by obesity had higher adiposity measures comprising of 298 

SAT and VAT fat mass, higher systolic and diastolic blood pressure, worse insulin sensi- 299 

tivity, and higher inflammatory markers. EGFR expressed in ml/min/1.73m2 was not 300 

different between the two groups, but when accounting for the individual BSA, total 301 

eGFR (ml/min) was higher in patients with obesity. The anthropometric and biochemical 302 

characteristics of the study participants are listed in Table 1. 303 

 304 

RSF  305 



 

 

In line with the expanded VAT mass, patients with obesity also had larger accumu- 306 

lation of fat in the compared to the lean controls (Table 1). In the pooled data RSF was 307 

associated with VAT (r=0.53, p<0.0001) and to a smaller extent with SAT mass (r= 0.20, 308 

p=0.04), age (r=0.29, p=0.001), and BMI (r=0.26, p=0.001). In line with these findings, pa- 309 

tients with obesity had higher RSF compared to lean controls (2.3 [1.7 to 3.1] vs 1.8 [1.4 310 

to2.5] cm2, p=0.003) (Table 1 and Figure 3A). Men also had larger RSF compared to 311 

women (3.1 [2.6 to 3.6-] vs 2.0 [1.5 to 2.6] cm2, p=0.0001). RSF was not associated with 312 

systolic or diastolic blood pressure. However, on dividing the study population in pa- 313 

tients with and without hypertension, RSF was significantly higher in patients with hy- 314 

pertension (Figure 3B), and this effect remained significant also when accounting for BMI 315 

(p=0.02). RSF was negatively associated with eGFR (r=-0.20, p=0.03) (Figure 3C).  316 

 317 

Figure 3. RSF was higher in patients with obesity, compared to healthy lean subjects (A), and also 318 
in patients with hypertension (HT) compared to subjects without hypertension (B). Data are 319 
mean±SE. In the pooled data, RSF correlated inversely with estimated glomerular filtration rate 320 
(eGFR) (C).  321 

 322 

After bariatric surgery  323 

After bariatric surgery patients achieved significant weight loss (they lost in average 324 

~ 23% of their initial body weight) and blood pressure was improved (Table 1). One out 325 

of three patients with hypertension (9/27) at baseline achieved remission of hypertension 326 

after surgery, while 15/42 patients remained normotensive. Also, their glucometabolic 327 

status and insulin sensitivity were improved. Of the 20 patients with T2D who were 328 



 

 

studied both before and after bariatric surgery, 45% of them (9/20) achieved remission 329 

from the disease. 330 

RSF was significantly decreased following bariatric surgery (2.3 [1.7-3.1] vs 1.6 331 

[1.3-2.3] cm2, before and after bariatric surgery respectively, p<0.0001), as also other fat 332 

depots (Table 1). The change in RSF was not associated with the change in systolic, di- 333 

astolic, or mean arterial blood pressure. However, in an ad hoc analysis, in patients who 334 

had hypertension at baseline and were divided by hypertension remission outcome fol- 335 

lowing bariatric surgery, change in RSF was greater in patients achieving remission 336 

compared to those who did not achieve remission (-0.68 [-0.74 to -0.44] vs -0.28 [-0.59 to 0] 337 

cm2, respectively, p=0.01) (Figure 4A). Moreover, in patients with no hypertension re- 338 

mission (N=17), change in RSF was larger in patients who decreased the number of an- 339 

tihypertensive drugs (N=3) compared to those who were on the same number of drugs as 340 

it was before the intervention (N=14) (-0.65 [-0.99 to -0.54] vs -0.21 [-0.33 to -0.11] cm2, 341 
p=0.01) (Figure 4B).  342 

 343 

Figure 4. Change in RSF was larger in patients who achieved remission from hypertension fol- 344 
lowing bariatric surgery compared to non-remitters (A). In the non-remitters group, change in RSF 345 
was larger in patients who decreased the number of antihypertensive drugs used compared to 346 
those who remained on stable antihypertensive medication (B). Note that in the “decreased HT 347 
treatment” group (panel B) data of only 3 subjects were available, which may explain the appar- 348 
ently larger change in RSF in these few subjects compared to the HT Rem group of panel (A). Data 349 
are mean±SE. 350 

Table 1. Anthropometric and biochemical characteristics of the study participants§   351 



 

 

  Lean  Obese  p value  

    Pre  Post    

N 46 74 42 - 

M/W  10/36  6/68  3/39  0.03  

Hypertension (N, %) 0, 0 36, 49 18, 43*# <0.0001 

NGT/IFG&IGT/T2D 37/9/0 20/30/24 23/9/10*# <0.0001 

Age (years)   46±9  45±10  45±9  0.8  

BMI (kg.m-2)  23.4 [21.6-24.8]  41.5 [39.1-43.9]  32.2 [29.78-34.1]*#  <0.0001  

Systolic BP (mmHg)  123±13  134±17  125 ±13*  0.002  

Diastolic BP (mmHg)  79±8  86±10  80±9*  <0.0001  

HbA1c (%), (mmol/mol) 5.5 [5.3-5.6] 5.7 [5.4-6.1] 5.6 [5.3-5.8]* 0.001 

HbA1c (mmol/mol) 37 [34-38] 39 [36-43] 38 [34-40]* 0.001 

Plasma glucose (mmol/L) 5.4 [5.0-5.6] 5.8 [5.3-6.5] 5.3 [4.9-5.8]* <0.0001 

Plasma insulin (pmol/L) 30 [24-48] 84 [50-131] 42 [24-51]*# <0.0001 

Plasma C-peptide (nmol/l) 0.53 [0.42-0.68] 1.10 [0.87-1.40] 0.70 [0.59-0.85]*# <0.0001 

OGIS (ml.min-1m-2) 424 [387-443] 330 [278-368] 424 [369-465] <0.0001 

Total cholesterol (mmol/L)   4.5 [4.1-5.0]  4.1 [3.7-4.8]  4.1 [3.6-4.8]  0.06  

LDL cholesterol (mmol/L)   2.6 [2.1-3.0]  2.6 [2.0-2.9]  2.3[1.8-3.0]  0.8  

HDL cholesterol (mmol/L)  1.6 [1.4-2.1]  1.3 [1.1-1.4]  1.4 [1.2-1.7]  <0.0001  

Triglycerides (mmol/L)  0.86±0.4  1.29±0.47  1.0±0.42*  <0.0001  

C-reactive protein (mg/L)  0.6 [0.2-1.0]  3.2 [1.8-5.3]   1.0 [0.5-2.0]* <0.0001  

Creatinine (μmol/L)   68 [60-76]  65 [58-71]  60 [52-65]  0.1  

eGFR (ml/1.73m2/min)   98 [93-107]  100 [87-112]  110 [91-115] *  0.5  

Total eGFR (ml/min)  99 [93-108] 129 [111-140] 120 [104-129] # <0.0001 

Left RSF (cm2)   1.8 [1.3-2.5]  2.2 [1.6-2.9]  1.5 [1.2-2.1]*  0.0995  

Right RSF (cm2)  1.7 [1.3-2.4]  2.5 [1.7-3.3]  1.9 [1.4-2.3]*  0.004  

Average RSF (cm2) 1.8 [1.4-2.5] 2.3 [1.7-3.1] 1.6 [1.3-2.3]* 0.003 

Total SAT (Kg) 3.9 [2.6-5.1] 17.2 [15.1-22.0] 11.0 [8.4-13.1]* # <0.0001 

Total VAT (Kg) 1.1 [0.7-1.7] 4.5 [3.1-5.8] 2.4 [1.4-3.4]*# <0.0001 

§ entries are mean±SD, or median [interquartile range], as appropriate. p value for the comparison between obese pre 352 
and lean individuals; * p<0.05 for obese before and after bariatric surgery; # p<0.05 for the comparison obese post vs. 353 
lean individuals. NGT: normal glucose tolerance; IFG: impaired fasting glucose; IGT: impaired glucose tolerance; T2D: type 2 354 
diabetes; BMI: body mass index; BP: blood pressure; OGIS: Oral Glucose Insulin Sensitivity; RSF: renal sinus fat area; 355 
eGFR: estimated glomerular filtration rate; SAT: subcutaneous adipose tissue; VAT: visceral adipose tissue. 356 

 357 

6. Discussion 358 

This study yielded several outcomes. First, patients with obesity accumulate more 359 

fat in the renal sinus compared to heathy lean individuals. Patients with hypertension 360 

also have larger RSF, compared to normotensive subjects and in the pooled data renal 361 



 

 

sinus fat correlates inversely with eGFR. Following bariatric surgery, RSF was decreased 362 

and patients who achieved hypertension remission had a larger decrease in RSF com- 363 

pared to patients who did not achieve remission. Finally, in patients with no hyperten- 364 

sion remission, a larger decrease in RSF was associated with a decrease in the number of 365 

antihypertensive drugs used.   366 

RSF is a compartment of VAT that is situated in the renal hilum. VAT accumulation 367 

has been shown to be related to worse cardiologic burden [38]. Metabolic associated fatty 368 

liver disease (i.e. ectopic liver fat accumulation) is also associated with a ~1.6-fold in- 369 
creased risk of developing hypertension [39]. We found that patients with hypertension 370 

had an expanded RSF – independently of BMI. This finding is in keeping with previous 371 

studies which have also shown that an expanded RSF is associated with hypertension, or 372 

with the number of antihypertensive drugs needed [10,11]. However, we did not detect 373 

any association between systolic, diastolic, or mean arterial pressure values and RSF, as 374 

previously reported [12]. This may be attributed to the fact that our study population was 375 

comprised of both healthy lean controls and morbidly obese patients with hypertension, 376 

who were already on antihypertensive treatment. The expected blood pressure lowering 377 

effect of the antihypertensive drugs could thus have masked the presence of positive 378 

correlation between RSF and blood pressure values.  379 

In a subset of the Framingham cohort, Foster and colleagues demonstrated that 380 

“fatty kidney” (defined as RSF greater than the 90th percentile of a nonobese group) was 381 

associated with a higher odds ratio of hypertension and CKD –independently of BMI or 382 

VAT [10], demonstrating the specificity of RSF in the development of hypertension and 383 

CKD [10]. Even though the exact mechanisms linking RSF expansion and hypertension or 384 

CKD were not studied, the authors suggested a plausible mechanism according to which 385 

the compression of the renal veins by the accumulated fat could lead to sodium retention 386 

and hypertension.   387 

Following bariatric surgery, the median decrease in BMI was 19 kg/m2. As expected, 388 

SAT and VAT depots were also largely decreased. We found that RSF was also signifi- 389 

cantly decreased. This finding contrasts the results of Krievina et al. who have previously 390 

reported that significant reduction in VAT (>5% decrease) is not associated with a sig- 391 

nificant reduction in renal sinus fat mass [40]. That study was an observational prospec- 392 

tive study on patients with a BMI ranging from 18-35 kg/m2, and the only intervention 393 

was participants receiving daily text messages with practical recommendations on how 394 

to balance caloric intake and physical activity to achieve and maintain a healthy body 395 

weight. The smaller baseline BMI of the subjects and the smaller weight loss achieved 396 

may have hampered the study from detecting a change in RSF mass.   397 

The most salient finding of the present study was that following bariatric surgery, 398 

not only was the amount of RSF decreased, but more importantly, subjects who achieved 399 

remission from hypertension after bariatric surgery also had a larger decrease in RSF. In 400 

keeping with this result, patients with no hypertension remission who achieved reduc- 401 

tion in antihypertensive drugs use had larger decrease in RSF compared to those who 402 

maintained the same drugs following bariatric surgery. Ricci et al. assessed perirenal fat 403 

thickness by ultrasound. They reported that following sleeve gastrectomy, patients de- 404 

creasing the number of antihypertensive drugs had higher perirenal fat thickness at 405 

baseline [41]. However, in that study perirenal fat mass was assessed only before the in- 406 

tervention and thus it remains unclear whether the change in perirenal fat mass was as- 407 

sociated with the change in the number of drugs needed or with remission from hyper- 408 

tension. Taken together, the close relationship of RSF and hypertension both 409 

cross-sectionally and following a weight loss intervention further underlines that accu- 410 

mulation of fat in this specific visceral depot may be linked with the pathophysiology of 411 

hypertension in obesity. Obesity is characterized by expanded blood volume and in- 412 

creased cardiac output [42]. An activated RAAS seems a plausible mechanism for the 413 

expanded blood volume in patients with obesity [43], possibly triggered by compression 414 

of the renal vein from the adjacent fat depot. Following weight loss, both plasma renin 415 

activity and plasma aldosterone levels have been shown to decrease [44], thus it would be 416 



 

 

highly informative if future studies could assess whether RSF associates with plasma 417 

renin activity and plasma aldosterone levels before and after weight loss.  418 

The strength of the present study is the measurement of RSF both at baseline and 419 

after bariatric surgery, using state-of-the art methods such as MRI for the assessment of 420 

fat depots. Our study also has some limitations. First, the number of patients studied 421 

following bariatric surgery was rather small; future studies are needed to confirm the 422 

present findings. Since our dataset consisted predominantly of women, generalizations 423 

to men need to be done with caution. This is of particular importance since men tend to 424 

accumulate more fat in the visceral depot [45] – and as shown in the present study also in 425 

the renal sinus. In addition, it would have been of interest to assess whether renal sinus 426 

fat and its change following weight loss associate with albuminuria and with measured 427 

rather than estimated glomerular filtration rate, but these measurements were not per- 428 

formed in the present study. Future studies are thus warranted to assess the impact of 429 

RSF decrease following weight loss on renal outcomes. Finally, the present RSF values 430 

were somewhat larger compared to those reported in the large study by Foster and col- 431 

leagues [10]. In that study a BMI>30 kg/m2 was an exclusion criterion, so the more ex- 432 

panded RSF in the present study may be attributed to the inclusion of patients with se- 433 

vere obesity. However, RSF in the lean controls was also larger in our study compared to 434 

the no fatty kidney group of the study by Foster et al., even though the authors men- 435 

tioned that RSF ranged from the lower limit of detection (0.0048 cm2) to 4.89 cm2 – an 436 

upper limit similar to our range (0.62 -5.83 cm2). We think that the discrepancy in mainly 437 

at the low end values may be related to technical issues (for instance to the selection of a 438 

different slice for the drawing of the RSF area, or to differences in the thickness of the 439 

CT/MRI slices between the studies), or even to error. In the present study we consistently 440 

drew the renal sinus fat areas in the same way across all subjects, thus apart from the 441 

absolute values, we think that the main results of the present study are not affected. 442 

In conclusion, accumulation of fat in the renal sinus is larger in patients with morbid 443 

obesity, but it is decreased following bariatric surgery, and importantly patients with 444 

larger decrease in RSF following bariatric surgery achieved remission from hypertension, 445 

or decrease in number of antihypertensive drugs needed. Taken together these findings 446 

suggest that renal sinus fat accumulation may contribute to the pathophysiology linking 447 

obesity to hypertension.  448 
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