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Abstract 89 

Background: Albuminuria in the pathological range is a significant predictor of 90 

preeclampsia. In healthy persons, high-normal urine albumin predicts later incidence of 91 

hypertension and is associated with salt-sensitivity of blood pressure. We hypothesized 92 
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that in pregnancy urine albumin in the normal range associates with blood pressure 93 

through activation of distal sodium reabsorption and renal salt retention by plasma 94 

factors co-filtered with albumin.  95 

Methods: We analyzed 24-hour urine collections and plasma samples from gestational 96 

week 29 of 560 pregnant women from the Odense Child Cohort, a Danish population-97 

based cohort. Plasma and urine aldosterone were measured by ELISA. Plasma and urine 98 

sodium, potassium, chloride and creatinine were also determined. Predictive values of 99 

urine albumin were assessed by linear mixed, multiple and Cox regression analyses. 100 

Primary outcomes were blood pressure and renal electrolyte handling.  101 

Results: 24h urinary albumin excretion at gestational week 29 associated with 102 

gestational blood pressure trajectory, adjusted β coefficients (95% CI) for each 10-fold 103 

increase in urine albumin: 5.71 (1.60 to 9.81) mmHg for systolic and 4.39 (1.41 to 7.38) 104 

mmHg for diastolic blood pressure. Urine albumin was inversely associated with 105 

fractional excretion rates of sodium, potassium and chloride, adjusted β coefficients 106 

(95% CI) for each 10-fold increase in urine albumin: -0.25 (-0.35 to -0.14), -5.06 (-6.81 107 

to -3.30) and -0.28 (-0.41 to -0.15), respectively. 108 

Conclusions: At gestational week 29, urinary albumin excretion in the normal range 109 

associated with blood pressure and renal electrolyte handling independent of potential 110 

confounders.  111 

Key words: albumin, blood pressure, pregnancy, renal electrolyte handling, 112 

preeclampsia 113 

 114 

Introduction 115 



6 
 

In chronic kidney and cardiovascular disease, urine albumin excretion is associated with 116 

adverse renal and cardiovascular outcomes (10, 20). Data from the prospective 117 

PREVEND cohort study showed that 24h albuminuria predicted later incident 118 

hypertension (6), demonstrating a linear relationship even with albuminuria in the 119 

normal range below 30 mg/d (6). Epidemiological data from the United Kingdom 120 

Biobank study has further substantiated the notion that albuminuria is not just a 121 

consequence of hypertension; it also, in a potential feed-forward way, predicts 122 

hypertension (11). Increased urine albumin excretion in the low reference range at the 123 

time of conception and in early pregnancy was the strongest predictor of preeclampsia 124 

in women with type I diabetes (9, 21). Preeclampsia is characterized by hypertension, 125 

proteinuria and suppression of the renin-angiotensin-aldosterone system (RAAS) (1, 23, 126 

24), and the degree of proteinuria associates with disease severity in established 127 

preeclampsia (8). Our previous studies suggested that aberrant filtration of proteases 128 

along with albumin could activate renal Na+ reabsorption through ENaC (7).  129 

Based on these observations and because there is less knowledge on the coupling 130 

between low, normal-range urinary albumin and blood pressure in pregnancy, we 131 

hypothesized that in a random group of pregnant women, 24h urine albumin excretion 132 

would associate with blood pressure and hypertensive disorders of pregnancy (HDP), 133 

and with lower fractional sodium (FENa) and chloride (FECl) excretions and a lower 134 

aldosterone secretion. A considerable amount of evidence suggests that Cl- is an 135 

important contributor to the salt sensitivity of blood pressure independent of Na+ (5, 15, 136 

16, 31). We thus investigated whether the effects of urine albumin excretion on blood 137 

pressure and preeclampsia incidence related to Na+, K+ and/or Cl- intakes and renal 138 
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electrolyte handling as estimated by the 24h urine excretion and fractional excretion of 139 

these electrolytes. 140 

 141 

Materials and Methods 142 

Study design and population 143 

The present study was based on a subsample of 560 pregnant women from the 144 

prospective population-based Danish cohort, Odense Child Cohort. Detailed 145 

descriptions of the whole Odense Child Cohort (17) as well as of the subsample with 146 

available 24h urine collections (3) are presented elsewhere. In brief, Odense Child 147 

Cohort is an unselected cohort from the Municipality of Odense, Denmark, with 148 

approximately 2500 active families. Pregnant women were enrolled between January 1st 149 

2010 and December 31st 2012. The study was approved by the Regional Scientific 150 

Ethical Committee for Southern Denmark (no. S–20090130) and by the Danish Data 151 

Protection Agency (j.no. 2008-58-0035) and was carried out according to the Helsinki 152 

Declaration. All participating women gave written informed consent and the procedures 153 

followed were in accordance with institutional guidelines.  154 

At gestational week 29, a subset of 607 women provided 24h urine collections and 155 

blood samples. Thus, the present study represents a prospective cohort study with a 156 

cross-sectional component. Approximately half of the women who provided 24h urine 157 

collections (n=347) had risk factors for gestational diabetes mellitus (GDM) as defined 158 

by the investigators (22): BMI >27, previous GDM, previous infant birth weight >4500 159 

g, family history of diabetes, polycystic ovary syndrome, or glucosuria during 160 

pregnancy. We excluded women with pre-existing hypertension and manifest HDP 161 
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(hypertensive disorders of pregnancy: preeclampsia or gestational hypertension) at the 162 

time of sampling ≤29 weeks of gestation, confirmed GDM cases diagnosed according to 163 

the Danish criteria, twin pregnancies, women with incomplete 24h urine collections (3) 164 

and clinical micro- and macroalbuminuria (24h u-albumin excretion ≥30 mg/d). 24h 165 

urine collections were considered complete, if urine volume was ≥500 ml/d and 166 

simultaneously 24h u-creatinine excretion was ≥600 mg/d (3). We excluded 47 women 167 

based on the above exclusion criteria. Thus, the present study comprised 560 study 168 

participants.  169 

 170 

Outcomes  171 

Primary outcomes were defined as 1) gestational blood pressure trajectory throughout 172 

pregnancy and 2) renal handling of electrolytes at week 29. Gestational blood pressure 173 

trajectory was defined as longitudinal blood pressure measurements throughout the 174 

pregnancy, starting in 1st trimester until delivery. Blood pressure in pregnancy was 175 

measured as part of the clinical routine using appropriate cuff size either by a general 176 

practitioner or a midwife. Secondary outcome was incidence of preeclampsia and HDP. 177 

HDP was defined as either preeclampsia or gestational hypertension. Gestational 178 

hypertension was characterized as de novo blood pressure >140/90 mmHg after 22 179 

weeks of gestation, preeclampsia as gestational hypertension with proteinuria (>0.3 g/d 180 

or at least +1 on sterile urine dipstick) according to the Danish Society of Obstetrics and 181 

Gynecology diagnostic criteria of hypertension and preeclampsia 2007–2012(19). 182 

Diagnoses of HDP were validated (19) and longitudinal blood pressure measurements 183 

throughout pregnancy were extracted by a retrospective evaluation of the electronic 184 
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patient files of all included women. Women, who developed preeclampsia or gestational 185 

hypertension before week 29 (time of sampling), were excluded from the analyses. 186 

 187 

Laboratory analyses 188 

Urine albumin was analyzed with a high-sensitivity human ELISA kit ab108788, 189 

Abcam. According to the manufacturer, the detection limit of the kit is ≥3 ng/ml, intra-190 

assay correlation coefficient=4.7%, inter-assay correlation coefficient=10%. Urine 191 

samples were diluted 1:100 with diluent, as described by the manufacturer. Urine Na+ 192 

and K+ concentrations were determined using flame photometry (EFUX 5057, 193 

Eppendorf, Germany). Urine and plasma aldosterone concentrations were measured 194 

with ELISA (MS E-5200, Labor Diagnostika Nord GmbH & Co. KG, Germany). The 195 

detailed description of measurements of urine Na+, K+ as well as plasma and urine 196 

aldosterone concentrations were presented previously (3). For the present study, plasma 197 

Na+, K+, Cl- and creatinine as well as urine Cl- and creatinine were analyzed at the 198 

Department of Biochemistry and Pharmacology, Odense University Hospital, using 199 

automated, standardized and quality-controlled assays. Plasma and urine creatinine were 200 

measured by spectrophotometry using a colorimetric analysis on a Cobas 8000 Roche 201 

analyzer. Performance in the measuring period was for plasma as follows: at ~100 202 

µmol/l: CV=1.8%; ~150 µmol/l: CV=1.9% and at ~350 µmol/l: CV=1.7%. Performance 203 

for urine was at levels below ~6 mmol/l: CV=1.8% and at ~14 mmol/l: CV=1.9%. 204 

 205 

Statistical analyses 206 
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Descriptive statistics were reported as medians with interquartile ranges (IQR) or 207 

absolute numbers with percentages and were evaluated according to quartiles of 208 

albumin excretion. Correlations between two variables were assessed by Pearson r.  209 

Adjusted relationships between urine albumin and electrolyte fractional excretion rates 210 

were assessed by multiple linear regression analyses. Adjusted associations between 211 

blood pressure trajectory and albumin were assessed by hierarchical linear modeling 212 

with subject as random intercept. Cox proportional hazards model was applied to test 213 

the predictive value of urine albumin excretion for development of HDP, including 214 

preeclampsia. A pregnancy was considered to be at risk of preeclampsia or HDP from 215 

enrollment in the study until 1) preeclampsia occurred, 2) gestational hypertension 216 

occurred, or 3) censoring at delivery. All models were a-priori adjusted for pre-217 

pregnancy body mass index (BMI), age, parity, smoking status, 24h urine aldosterone, 218 

Na+, K+ and Cl- excretions. Cox regressions were additionally adjusted for established 219 

biomarkers of preeclampsia, placental angiogenic markers PlGF and sFlt-1. 220 

Multicollinearity was tested by variance inflation factor. Missing data were not imputed. 221 

The distribution of albumin was positively skewed, thus log-transformed albumin data 222 

were used in all analyses. 24h urine albumin, Na+, K+, Cl- and aldosterone excretions 223 

were calculated by multiplication of urine albumin, Na+, K+, Cl- and aldosterone 224 

concentrations by 24h urine volume. Salt and K+ intakes were estimated by the 225 

following formulas: NaCl intake (g/d) = 24h u-Na+ (mmol/d) / 17.1 (mmol), K+ intake 226 

(g/d) = 24h u-K+ (mmol/d) * 0.039 (g/mmol). Estimated glomerular filtration rate 227 

(eGFR) was calculated with the Chronic Kidney Disease Epidemiology Collaboration 228 

(CKD-EPI) equation (18), taking into account gender, age, race and plasma creatinine. 229 
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Creatinine clearance was calculated by the ratio between 24 urine excretion divided by 230 

plasma concentration.  231 

Sensitivity analyses were restricted to blood pressure measurements after the sampling 232 

time point (29 weeks of gestation) and additionally adjusted for 1st trimester blood 233 

pressure to test the robustness of the associations between albumin excretion at week 29 234 

and gestational blood pressure trajectory. 235 

Statistical analyses were performed using the statistical package IBM SPSS Version 236 

25.0 and SAS Version 9.4. Graphpad Prism 6.0 was used to create graphs. The level of 237 

significance was determined at two-sided P <0.05. 238 

The study is reported according to the STROBE guidelines (29). 239 

 240 

Results 241 

Characteristics of study participants 242 

Characteristics of women with available 24h urine albumin measurements (n=560) as 243 

compared to the rest of the cohort (n=2,314) are shown in Supplemental Table 1. 244 

Women with available urine albumin measurements were significantly more often 245 

overweight, had higher BP at 1st trimester and higher DBP at week 29, higher incidence 246 

of HDP including preeclampsia, but less abortions/miscarriages, lower drop-out rate and 247 

lower incidence of preterm birth. 248 

 The median urine albumin excretion in the cohort was 6.01 mg/d (min: 1.55, max: 249 

24.35 mg/d). Table 1 shows clinical and demographic characteristics of participants 250 

according to quartiles of albumin excretion at gestational week 29. Participants with 251 
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higher albumin excretion had on average higher BMI and higher blood pressure already 252 

at the beginning of pregnancy. At gestational week 29, there was a linear trend for 253 

higher 24h u-Na+, u-K+, u-Cl-, u-aldo, creatinine clearance and blood pressure, but for 254 

lower fractional rates of electrolyte excretions with increasing 24h u-albumin excretion, 255 

Table 1. At delivery, the prevalence of hypertension, preeclampsia and preterm delivery 256 

was not different across the quartile groups.     257 

 258 

Relationships between urine albumin excretion, gestational blood pressure trajectory 259 

and incidence of hypertensive disorders of pregnancy 260 

Urine albumin excretion over 24h associated with gestational blood pressure trajectory 261 

independent of pre-pregnancy BMI, age, smoking or parity, Table 2. A 10-fold increase 262 

in urine albumin excretion at gestational week 29 was associated with an increase of 263 

5.71 mmHg in SBP, p=0.006, and 4.39 mmHg in DBP, p=0.004, throughout the 264 

pregnancy, Table 2. Urine Na+, K+, Cl- and aldosterone 24h urine excretions at 265 

gestational week 29 were not related to the blood pressure trajectory throughout the 266 

pregnancy. In the sensitivity analyses we examined whether the associations between 267 

urine albumin excretion and blood pressure were dependent on GFR determined as 268 

creatinine clearance, Supplemental Table 1, but the observed associations were 269 

independent of creatinine clearance. When analyses were performed only on the blood 270 

pressure measurements after the timepoint at which urine albumin was measured 271 

(gestational week 29) and adjusted for 1st trimester blood pressure, the associations 272 

between albumin and post-sampling blood pressure were not substantially altered, 273 

adjusted β coefficients (95% CI): 5.85 (1.57 to 10.14) and 3.37 (0.26 to 6.48) mmHg for 274 



13 
 

associations with post-sampling SBP and DBP, respectively, Supplemental Table 2. 275 

Continuous levels of urine albumin at gestational week 29 were not associated with later 276 

development of preeclampsia, Supplemental Figure 1A, or HDP, Supplemental 277 

Figure 1B. No increased risk of HDP could be detected across albumin quartiles either 278 

(data not shown). 279 

 280 

Relationships between urine albumin excretion, electrolyte handling and creatinine 281 

clearance in pregnancy 282 

24h urine albumin excretion inversely correlated with fractional excretion rates of Na+, 283 

K+ and Cl- in crude analyses, Figure 1A-C. Adjustment for 1st trimester blood pressure 284 

and blood pressure at sampling and other parameters (age, BMI, parity, smoking status 285 

and 24h urine aldosterone excretion) did not change the observed associations between 286 

urine albumin levels and fractional handling of electrolytes, Table 3. A 10-fold increase 287 

in albumin excretion at gestational week 29 was associated with 0.3% drop in FENa, 288 

5.1% drop in FEK and 0.3% drop in FECl, all p<0.001. The relationships were 289 

maintained even after adjustment for creatinine clearance, Supplemental Table 3. 24h 290 

urine aldosterone excretion correlated directly with fractional excretion rates of Na+ and 291 

K+, but not Cl- Supplemental Figure 2A-C. After adjustment there was a significant 292 

positive association of urine aldosterone with fractional excretion rates of all three 293 

electrolytes, Table 3. 24h urine albumin excretion related directly to 24h urine 294 

aldosterone excretion, Figure 2A, but not to plasma aldosterone concentration, Figure 295 

2B. Plasma aldosterone concentration related directly to fractional excretion of K+, 296 

Supplemental Figure 3A, while there were no significant relations to fractional 297 
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excretion of Na+ and Cl-, Supplemental Figure 3B-C. There were no significant 298 

relations between 24h urine albumin excretion and plasma concentration of electrolytes 299 

(data not shown).  300 

There was a positive relationship between 24h urine albumin excretion and creatinine 301 

clearance, Figure 3A. This relationship remained significant even after adjustment for 302 

the aforementioned confounders (age, BMI, parity, smoking status, blood pressure and 303 

24h urine aldosterone excretion): adjusted β coefficient (95% CI) 57.83 (41.99 to 304 

73.68), Figure 3B. 305 

 306 

Discussion 307 

This study shows that urine albumin excretion within normal range at gestational week 308 

29 in a cohort of pregnant women was directly associated with blood pressure trajectory 309 

throughout the pregnancy and inversely associated with fractional excretion rates of 310 

Na+, K+ and Cl-. These relationships were seen even after adjustment for pre-pregnancy 311 

BMI, age, smoking, parity, GFR (creatinine clearance) and other potential confounders. 312 

Moreover, urine albumin excretion significantly associated with creatinine clearance 313 

and with 24h aldosterone secretion. Both plasma and 24h urine aldosterone related 314 

directly with fractional excretion of K+. 315 

The significant positive relationship between normal range urine albumin and blood 316 

pressure over the course of pregnancy is in line with a community-based prospective 317 

cohort where elevated urine albumin excretion preceded the development of 318 

hypertension (6). The examined population was older (mean age: 45 years) and 319 

consisted of men and non-pregnant women (6). We now report a significant association 320 
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between continuous levels of urine albumin excretion and blood pressure in a low-risk 321 

setting consisting of young pregnant women (mean age: 30 years). Previous studies 322 

examining the associations between urine albumin and incidence of preeclampsia 323 

yielded contradictory results (2, 9, 12-14, 21, 25-27), which is probably attributable to 324 

the heterogeneity of the study designs (e.g., cross-sectional, prospective, or case-control 325 

studies), number and composition of participants (high-risk populations vs. population-326 

based), different cut-offs of urine albumin as predictor (micro- or macroalbuminuria vs. 327 

continuous urine albumin excretion), different definitions of preeclampsia and varying 328 

assessment methods of urine albumin concentration (spot urine vs. 24h urine 329 

collection). In the present study, there was no statistically significant association 330 

between urine albumin excretion within the normal range in the beginning of 3rd 331 

trimester and later incidence of HDP, including preeclampsia. Another study 332 

investigating the relationship between 1st trimester urine albumin concentrations and 333 

albumin-creatinine ratio relating to preeclampsia diagnosis found no significant 334 

improvement in the  performance of the basic model, which was based only on maternal 335 

covariates (25). Thus, there is not a simple continuous relationship between urine 336 

albumin and preeclampsia. Yet, our study could have been underpowered to detect such 337 

association. 338 

The present study was observational and as such could not determine whether the 339 

observed relationships of urine albumin excretion on blood pressure were causal. What 340 

could be the mechanistic coupling between albuminuria within the normal range and 341 

blood pressure? Filtered albumin could by itself exert an inflammatory effect at the 342 

tubular epithelium (11) and is accompanied by other circulating plasma proteins in 343 

urine, notably, the serine proteases plasminogen and prostasin. Both proteases are 344 
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present in low amounts in normal urine (24) and in urine from healthy pregnancy (7). 345 

They are increased in urine from patients with preeclampsia (7-9), with a direct relation 346 

to albumin, and with the ability to activate ENaC in vitro. Thus, a mechanism by which 347 

urine albumin excretion could promote blood pressure was through impaired renal 348 

excretion of NaCl. High-normal urine albumin was associated with higher electrolyte 349 

intakes and lower urine fractional excretion of Na+, K+ and Cl-. This would be in accord 350 

with enhanced tubular retention of Na+ and Cl- associated with elevated urine albumin.  351 

Urine aldosterone related directly to fractional excretion for all 3 electrolytes. The direct 352 

relation between fractional Na+ and Cl- excretion and urine aldosterone was unexpected 353 

since most data show that aldosterone drives Na+ retention and volume expansion in 354 

pregnancy which would predict an inverse relation. The direct relationship between 355 

urine and plasma aldosterone and fractional K+ excretion would agree with a causal and 356 

well-established relation.  357 

Normal pregnancy is a state characterized by a significant Na+ and K+ retention, 358 

increase in extracellular fluid volume (up to 40%), GFR, cardiac output and plasma 359 

RAAS components, while blood pressure is unchanged or even lower compared to pre-360 

pregnancy levels (30). Rodent data and data from our group suggest that the normal 361 

physiological aldosterone surge is necessary for placental development and fetal growth 362 

(3, 28). Is the higher urine albumin excretion just a reflection of higher GFR? That is a 363 

possibility. But even in this case, the observed relationships between urine albumin and 364 

blood pressure (direct) and renal handling of electrolytes (inverse) were independent of 365 

creatinine clearance and aldosterone, as shown in the adjusted analyses.   366 
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The major strength of this study is the prospective population-based cohort design and 367 

use of validated HDP diagnoses with exact dates of sampling and diagnoses, which 368 

enabled us to construct survival models predicting HDP occurrence. Additionally, an 369 

unprecedentedly high number of pregnant women collected 24h urine samples in the 370 

beginning of 3rd trimester, which were used to estimate the daily excretions of urinary 371 

parameters. Furthermore, even though the measurements of urinary parameters had a 372 

cross-sectional character, the reported relationships were robustly present even after the 373 

adjustment for potential confounders. 374 

The limitations of our study include the observational nature of the pregnancy cohort 375 

and, as a consequence, of the observed associations, the absence of 24h urine collections 376 

from the early gestation to evaluate the predictive value of albumin at earlier stages of 377 

pregnancy, and the ethnical homogeneity of the cohort. Moreover, approximately half of 378 

the included women had risk factors for GDM, contributing to high incidence of 379 

preeclampsia and HDP in this study. Our findings thus might not be generalizable to 380 

other populations and ethnicities. Further, a single 24h urine collection might not 381 

necessarily be reflective of chronic Na+ and K+ intakes (4). Only 21% of participants in 382 

the Odense Child Cohort provided 24h urine samples, and the cohort itself differed in a 383 

few other parameters from the background population: participating women were on 384 

average older, more often nulliparous and of Danish origin, smoked less, had longer 385 

gestational length and self-reported higher education status (3, 17).  386 

In conclusion, in normal pregnancy, urine albumin associated directly with blood 387 

pressure and inversely with fractional excretion of Na+, K+ and Cl- independent of age, 388 

BMI and other confounders. High-sensitivity measurement of urine albumin in normal 389 
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pregnancy did not predict later preeclampsia but urine albumin could reflect an 390 

underlying Na+ retaining effect exerted on the tubular epithelium.  391 
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Tables 507 

Table 1. Clinical and demographic characteristics of study participants according to the quartile distribution of 24h urine albumin excretion 508 

at gestational week 29. 509 

 Quartiles of 24h-u albumin at gestational week 29  

 1 2 3 4 P for trend 

At inclusion      

Age, y 29.00 (5.00) 30.00 (6.00) 30.00 (8.00) 30.00 (7.00) 0.06 

BMI, kg/m2 23.52 (6.84) 24.85 (7.01) 25.15 (6.52) 26.77 (7.05) <0.0001 

BSA, m2 1.76 (0.23) 1.81 (0.22) 1.81 (0.23) 1.84 (0.23) <0.0001 

Smoking, n (%) 3 (2.1) 8 (5.7) 10 (7.1) 3 (2.1) 0.85 

Educational attainment      

       Primary or high school, n (%) 20 (14.5) 30 (23.4) 29 (21.3) 21 (15.7) 0.89 

       Vocational training, n (%) 12 (8.7) 8 (6.3) 7 (5.2) 14 (10.5) 0.70 

       College, n (%) 106 (76.8) 90 (70.3) 100 (73.5) 99 (73.9) 0.73 
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Nullipara, n (%) 86 (61.4) 81 (57.9) 80 (57.1) 66 (47.1) 0.02 

1st trimester SBP, mmHg 115.00 (13.00) 115.00 (12.00) 120.00 (14.00) 119.00 (18.00) <0.01 

1st trimester DBP, mmHg 70.00 (13.00) 70.00 (14.00) 74.00 (10.00) 71.00 (10.50) <0.01 

At sampling      

24h u-albumin, mg/d 3.75 (1.02) 5.23 (0.70) 6.74 (1.02) 10.04 (3.20) <0.0001 

24h u-Na, mmol/d 125.19 (64.68) 135.02 (59.63) 142.37 (49.23) 147.23 (63.00) <0.001 

24h u-K, mmol/d 61.87 (30.60) 63.38 (29.03) 67.15 (29.64) 71.68 (25.47) <0.001 

24h u-Cl, mmol/d 126.71 (61.49) 130.52 (62.78) 135.60 (50.94) 144.16 (71.47) <0.001 

24h u-crea, mg/d 908.54 (340.59) 1015.20 (292.89) 1073.85 (245.57) 1138.68 (303.61) <0.0001 

24h u-aldo, µg/d 10.82 (4.08) 12.02 (4.25) 12.54 (3.58) 13.74 (5.46) <0.0001 

Na/K, ratio 2.06 (1.10) 2.11 (1.06) 2.09 (0.99) 2.17 (0.98) 0.47 

NaCl intake, g/d 7.32 (3.78) 7.90 (3.49) 8.24 (2.88) 8.61 (3.68) <0.001 

K intake, g/d 2.42 (1.20) 2.48 (1.14) 2.63 (1.16) 2.80 (1.00) <0.001 

Urine volume, ml 1666.00 (1037.00) 1698.50 (723.00) 1765.00 (931.00) 1937.50 (965.50) <0.001 

p-Na, mmol/l 140.70 (3.10) 141.00 (3.90) 141.15 (2.95) 140.90 (3.30) 0.39 
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p-K, mmol/l 4.11 (0.24) 4.10 (0.22) 4.12 (0.27) 4.08 (0.30) 0.37 

p-Cl, mmol/l 104.70 (2.70) 104.70 (2.50) 104.90 (3.20) 104.60 (2.60) 0.83 

p-crea, mg/dl 0.58 (0.10) 0.54 (0.09) 0.52 (0.11) 0.52 (0.10) <0.0001 

p-aldo, pg/ml 157.42 (59.38) 151.59 (46.83) 153.91 (47.70) 159.13 (51.24) 0.52 

FENa, % 0.57 (0.27) 0.51 (0.21) 0.48 (0.18) 0.49 (0.21) <0.0001 

FEK, % 9.38 (4.23) 8.30 (3.85) 7.94 (3.77) 8.09 (3.48) 0.0001 

FECl, % 0.73 (0.36) 0.69 (0.35) 0.64 (0.26) 0.65 (0.31) <0.0001 

eGFR (CKD-EPI), ml 125.11 (9.96) 126.34 (9.87) 127.98 (10.14) 128.60 (10.78) 0.0001 

Crea clearance, corrected for BSA 110.00 (33.34) 126.22 (32.73) 131.69 (34.55) 137.13 (39.35) <0.0001 

SBP at sampling, mmHg 115.00 (18.00) 117.50 (16.00) 120.00 (17.00) 119.00 (14.50) 0.02 

DBP at sampling, mmHg 71.00 (11.00) 72.00 (10.75) 75.50 (9.50) 75.00 (10.00) <0.0001 

At delivery      

Preeclampsia, n (%) 7 (5.0) 13 (9.3) 16 (11.5) 13 (9.3) 0.15 

HDP, n (%) 11 (7.9) 14 (10.0) 21 (15.0) 17 (12.1) 0.13 

Preterm birth, n (%) 8 (5.7) 6 (4.3) 5 (3.6) 6 (4.3) 0.52 
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Gestational length, weeks 39.86 (2.14) 40.14 (2.14) 40.29 (1.93) 40.14 (1.79) 0.34 

 510 

Data are reported as median (IQR) or absolute numbers (%) as appropriate. BMI=body mass index, BSA=body surface area, SBP=systolic blood 511 

pressure, DBP=diastolic blood pressure, wk=weeks, 24h u-Na+=daily urinary sodium excretion, 24h u-K+=daily urinary potassium excretion, 24h u-Cl-512 

=daily urinary chloride excretion, 24h u-crea=daily urinary creatinine excretion, 24h u-aldo=daily urinary aldosterone excretion, p-Na=plasma sodium, 513 

p-K=plasma potassium, p-Cl=plasma chloride, p-crea=plasma creatinine, p-aldo=plasma aldosterone concentration, FENa=fractional sodium excretion 514 

rate, FEK=fractional potassium excretion rate, FECl=fractional chloride excretion rate, eGFR (CKD-EPI)=estimated glomerular filtration rate according 515 

to the Chronic Kidney Disease Epidemiology Collaboration formula, HDP=hypertensive disorders of pregnancy. N=560. 516 

 517 

 518 

 519 

 520 

 521 

 522 

 523 
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Table 2. Adjusted relationships between entire longitudinal blood pressure trajectory and albumin excretion at gestational week 29 in a 524 

subcohort of the Odense Child Cohort.  525 

 SBP trajectory, mmHg DBP trajectory, mmHg 

Determinants of SBP and DBP 

trajectories 

Adjusted β coefficients (95% CI) Adjusted β coefficients (95% CI) 

Log (24h u-albumin, mg/d) 5.71 (1.60 to 9.81) 4.39 (1.41 to 7.38) 

24h u-aldo, µg/d -0.002 (-0.29 to 0.28) -0.07 (-0.27 to 0.14) 

24h u-Na+, mmol/d 0.01 (-0.02 to 0.05) 0.01 (-0.01 to 0.04) 

24h u-Cl-, mmol/d -0.01 (-0.05 to 0.02) -0.01 (-0.04 to 0.02) 

24h u-K+, mmol/d 0.01 (-0.03 to 0.06) -0.006 (-0.04 to 0.03) 

BMI, kg/m2 0.48 (0.34 to 0.62) 0.53 (0.43 to 0.64) 

Age, y -0.04 (-0.22 to 0.14) 0.08 (-0.05 to 0.21) 

Smoking (1=yes, 0=no) 0.37 (-3.43 to 4.16) -0.42 (-3.21 to 2.37) 

Parity, n -1.80 (-2.93 to -0.67) -1.69 (-2.51 to -0.87) 

 526 
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SBP=systolic blood pressure, DBP=diastolic blood pressure, 24h u-Na+=daily sodium excretion, 24h u-Cl-=daily chloride excretion, 24h u-K+=daily 527 

potassium excretion, BMI=body mass index. Relationships were assessed by linear mixed models to account for longitudinal repeated measurements of 528 

blood pressure in pregnancy. The model was further adjusted for gestational weeks, which were averaged in 4 weeks interval. Changes in systolic and 529 

diastolic blood pressure trajectories are presented as per 1 unit increase in the independent variable. N=560. 530 

 531 

 532 

 533 

 534 

 535 

 536 

 537 

 538 

 539 
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Table 3. Adjusted relationships between albumin and fractional sodium, potassium and chloride excretion rates in a subcohort of the 540 

Odense Child Cohort. 541 

 FENa, % 

Adjusted R2=0.11, p<0.001 

FEK, % 

Adjusted R2=0.26, p<0.001 

FECl, % 

Adjusted R2=0.09, p<0.001 

Determinants of fractional 

electrolyte excretion rates 

Adjusted β coefficients (95% CI) Adjusted β coefficients (95% CI) Adjusted β coefficients (95% CI) 

Log (u-albumin), mg/d -0.25 (-0.35 to -0.14) -5.06 (-6.81 to -3.30) -0.28 (-0.41 to -0.15) 

24h u-aldo, µg/d 0.01 (0.004 to 0.02) 0.39 (0.28 to 0.49) 0.008 (0.0002 to 0.02) 

BMI, kg/m2 -0.001 (-0.005 to 0.002) -0.11 (-0.17 to -0.05) -0.003 (-0.007 to 0.002) 

Age, y 0.003 (-0.001 to 0.008) 0.08 (0.001 to 0.16) 0.003 (-0.003 to 0.008) 

Smoking (1=yes, 0=no) -0.004 (-0.09 to 0.09) -1.01 (-2.55 to 0.54) -0.01 (-0.13 to 0.10) 

Parity, n -0.04 (-0.06 to -0.006) -0.29 (-0.78 to 0.20) -0.04 (-0.07 to -0.0005) 

1st trimester SBP, mmHg -0.001 (-0.003 to 0.001) -0.01 (-0.04 to 0.03) -0.001 (-0.004 to 0.002) 

1st trimester DBP, mmHg -0.003 (-0.006 to -0.001) -0.06 (-0.11 to -0.02) -0.004 (-0.007 to -0.001) 

SBP at sampling, mmHg -0.001 (-0.003 to 0.001) -0.01 (-0.05 to 0.03) -0.002 (-0.005 to 0.001) 
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DBP at sampling, mmHg 0.004 (0.001 to 0.007) 0.03 (-0.02 to 0.08) 0.005 (0.001 to 0.009) 

 542 

FENa=fractional sodium excretion rate, FEK=fractional potassium excretion rate, FECl=fractional chloride excretion rate, BMI=body mass index, 543 

SBP=systolic blood pressure, DBP=diastolic blood pressure. Associations were assessed by multivariable regression analysis and represent the change 544 

in fractional sodium, potassium and chloride excretion rates as per 1 unit increase in independent variable. N=560. 545 

 546 

 547 

 548 

 549 

 550 

 551 

 552 

 553 

 554 

 555 

 556 
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Figure legends 557 

Figure 1. Relationships between urine albumin excretion and fractional handling of 558 

electrolytes. Crude relationships between urine albumin excretion and fractional 559 

excretion rate of sodium (A), potassium (B) and chloride (C). FENa=fractional sodium 560 

excretion rate, FEK=fractional potassium excretion rate, FECl=fractional chloride 561 

excretion rate. Relationships were assessed by Pearson correlation. N=560. 562 

 563 

Figure 2. Relationships between 24h urine albumin excretion and aldosterone. A. 564 

Relationship between 24h urine albumin excretion and 24h urine aldosterone excretion. 565 

B. Relationship between 24h urine albumin excretion and plasma aldosterone 566 

concentration. 24h u-aldo=daily aldosterone excretion, p-aldo=plasma aldosterone 567 

concentration. Relationships were assessed by Pearson correlation. N=560. 568 

 569 

Figure 3. Relationship between urine albumin excretion and creatinine clearance, 570 

corrected for BSA. A. Crude relationship between urine albumin excretion and 571 

creatinine clearance. B. Adjusted relationship between urine albumin excretion and 572 

creatinine clearance. BSA=body surface area, 24h u-aldo=daily aldosterone excretion, 573 

BMI=body mass index, SBP=systolic blood pressure, DBP=diastolic blood pressure. 574 

Relationships were assessed by Pearson correlation (A) and multiple regression (B) 575 

analyses. N=560. 576 

 577 
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