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Thyroid	
  S8mula8ng	
  Hormone	
  (TSH)	
  and	
  Free	
  Thyroxine	
  Levels	
  (FT4)	
  

In	
  Pregnant	
  Females	
  >20	
  weeks	
  gesta8on	
  and	
  Non-­‐Pregnant	
  Females	
  

who	
  have	
  Clinical	
  Problems	
  and	
  Hypothyroid	
  Symptoms:	
  

Evidence	
  Suppor8ng	
  Poor	
  Correla8on	
  between	
  TSH	
  and	
  FT4.
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Abstract:	
  

METHOD:

14	
  Pregnant	
  Females	
  at	
  greater	
  than	
  20	
  weeks	
  gesta>on	
  and	
  14	
  Non-­‐Pregnant	
  Female	
  

pa>ents	
  in	
  an	
  upstate	
  New	
  York	
  rural	
  community	
  Obstetrics	
  and	
  Gynecology	
  office	
  

presented	
  with	
  a	
  variety	
  of	
  clinical	
  problems	
  in	
  Pregnancy	
  (preterm	
  labor,	
  obesity,	
  

gesta>onal	
  diabetes,	
  supraventricular	
  tachycardia,	
  pyelonephri>s)	
  and	
  Non-­‐Pregnancy	
  

[oligomenorrhea,	
  infer>lity,	
  bleeding,	
  uterine	
  myoma,	
  atrial	
  arrythmia,	
  ovarian	
  cyst)	
  

and	
  were	
  screened	
  at	
  the	
  >me	
  of	
  presenta>on	
  with	
  Serum	
  Thyroid	
  S>mula>ng	
  

Hormone	
  and	
  Free	
  Thyroxine	
  Assays	
  (AxSym,	
  AbboR	
  Laboratories,	
  AbboR	
  Park,	
  IL).	
  

Some	
  pa>ents	
  were	
  treated	
  with	
  Levo-­‐Thyroxine.	
  Test	
  results	
  and	
  clinical	
  observa>ons	
  

were	
  tabulated.
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RESULTS:	
  	
  In	
  these	
  problem	
  pa6ents:	
  

For	
  the	
  Pregnant	
  pa-ents,	
  

Thyroid	
  S6mula6ng	
  Hormone	
  [0.51-­‐5.08,	
  Mean=1.94,	
  SD=1.32	
  MIU/L]	
  and	
  

Free	
  Thyroxine	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  [0.57-­‐0.92,	
  Mean=0.69,	
  SD=0.11	
  ng/dl]	
  	
  were	
  both	
  

found	
  to	
  be	
  uncorrelated	
  with	
  Gesta6onal	
  Age	
  at	
  greater	
  than	
  20	
  weeks	
  gesta6on.

For	
  the	
  Non-­‐Pregnant	
  pa-ents,	
  

Thyroid	
  S6mula6ng	
  Hormone	
  range	
  was	
  0.96-­‐7.35	
  [Mean=3.71,	
  SD=1.95]	
  and	
  	
  

Free	
  Thyroxine	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  range	
  was	
  0.51-­‐0.99	
  [Mean=0.81,	
  SD=0.15].

For	
  the	
  Pregnant	
  pa6ents	
  compared	
  to	
  Non-­‐Pregnant	
  ones,	
  

Thyroid	
  S6mula6ng	
  Hormone	
  averaged	
  -­‐1.77	
  MIU/L	
  lower	
  (SE=0.10)	
  and	
  

Free	
  Thyroxine	
  was	
  -­‐0.12	
  ng/dl	
  lower	
  [SE=0.01).

Free	
  Thyroxine	
  level	
  also	
  appeared	
  to	
  be	
  independent	
  of	
  Thyroid	
  S6mula6ng	
  

Hormone	
  level	
  in	
  both	
  the	
  Pregnant	
  pa6ents	
  greater	
  than	
  20	
  weeks	
  gesta6on	
  

and	
  Non-­‐Pregnant	
  pa6ents.
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DISCUSSION:

The	
  o.en	
  described	
  inverse	
  log-­‐linear	
  rela;onship	
  between	
  serum	
  FT4	
  and	
  TSH	
  

(FT4	
  =	
  -­‐logTSH	
  at	
  TSH	
  setpoint)	
  focuses	
  on	
  regula;on	
  about	
  the	
  TSH	
  setpoint,	
  

describing	
  the	
  control	
  mechanism	
  for	
  TSH	
  when	
  FT4	
  moves	
  away	
  from	
  equilibrium.	
  

LiMle	
  is	
  understood	
  about	
  the	
  control	
  mechanism	
  in	
  Pregnancy	
  which	
  may	
  alter	
  

the	
  TSH	
  setpoint	
  itself.	
  These	
  findings	
  indicate	
  a	
  possible	
  altera;on	
  in	
  the	
  TSH	
  

Pituitary	
  setpoint	
  rather	
  than	
  feedback	
  to	
  or	
  suppression	
  of	
  the	
  Thyroid	
  Gland	
  itself,

par;cularly	
  because	
  neither	
  FT4	
  nor	
  TSH	
  	
  was	
  correlated	
  with	
  Gesta;onal	
  Age	
  at	
  

greater	
  than	
  20	
  weeks	
  gesta;on.

Some	
  pa;ents	
  (both	
  Pregnant	
  and	
  Non-­‐Pregnant)	
  were	
  treated	
  with	
  low	
  doses	
  of	
  

Levo-­‐Thyroxine	
  and	
  showed	
  improvement	
  of	
  their	
  immediate	
  clinical	
  problems.

Addi;onal	
  Clinical	
  Observa;ons:

1)	
  T4,	
  T3,	
  T2	
  and	
  HCG	
  all	
  supress	
  TSH.
2)	
  Pregnant	
  pa;ents	
  with	
  a	
  higher	
  TSH	
  may	
  actually	
  drop	
  their	
  FreeT4	
  if	
  dosing	
  is	
  
inadequate	
  by	
  supression	
  of	
  TSH	
  to	
  more	
  normal	
  values.
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 NAME AGE DX DATE PREG TSH FT4 FT4calc FT4-calc FT3 TT4 T3 UPFSH LH TT4/FT4 OTHER COMMENTS TSH's FT4's T3U's TT4
wks .49-4.67 .71-1.85 .6+.06*TSH delta 2.3-4.2 4.5-12.0 .6-1.27 0-20 0-20

PREGNANT/(WITH PROBLEMS)
F-1 40 4wk SAB early no site, G2P1 09/12/02 4 1.32 0.93 0.68 0.25 Low FSH,LH;Rhneg,bHCG=8(9/10),=2(9/11)

24 5wk SAB,BTL failure 09/13/02 5 3.22 0.83 0.79 0.04 5.7 3.50 6.87 HCG=43, bleeding
F-2 35 6wk SAB/D&C,+ACA11,-ANA 08/24/02 6 6.84 1.05 1.01 0.04 start LT50

- 09/18/02 7 sxs, increase to 75 (ACA=11 on 9/27) 4.59 0.99
F-3 29 8wk SAB/D&C,hxhypoth/GDM-pregs 09/09/02 8 5.22 1.01 0.91 0.10 stopped LT(0.88)wks4-7,BlgtOvum
F-4 28 20wk 01/24/02 20 3.61 0.88 0.82 0.06 -

- 40wk GBS+,arestdil,chorio 07/02/02 40 on LT50 1.5
T-1 26 27wk pyelonephritis,+UGBS,++fatigue 09/24/02 27 1.56 0.60 0.69 -0.09 start LT75,^HC/AC,improved9/26
T-2 21 29wk pyelo,eatdis,ptl 08/29/02 29 0.51 0.76 0.63 0.13 2.8 11.8 15.53 start LT50,recurrent UTI,mg1.1,hiTBG,loUI2 0.79 0.8

- + BV 09/12/02 31 hydro,dil fetal renal
T-3 29 DM 08/16/02 30 CR=1.1,CrCl=106

- pyelo(8/22) 08/30/02 32 1.26 0.69 0.68 0.01 ST50
- PTL 09/12/02 33 on ST50,^LT75,improved,Cr1.2,Mg1.0 1.31 0.58 14

T-4 32 hthsxs,UTI,breech,GDM,urethdivert [EGA?] 08/14/02 32 1.90 0.58 0.71 -0.13 start 50 9/4,ABneg,fet wtgain,prevCS
- - 09/19/02 36 on LT50,improved 0.61 0.69

T-5 29 PTL,dehydration 09/27/02 33 0.70 0.70 0.64 0.06 mg1.5
T-6 29 34wk SVT,PTL,UTI,IUGR 08/20/02 34 1.52 0.57 0.69 -0.12 9.0 15.79 ST50 to NSR

- - 08/23/02 34 SVT recurred off LT4 (8/22) 1.63 0.72 11
- Palpitations 08/25/02 34 restart LT4 50
- PTL,HCT26,GDM,Rh- 09/10/02 36 start LT4 75,fetus70%EFW,Cr1.2,CrCl232
- - 09/12/02 36 on LT75,emesis,glu contrl 1.31 0.58

T-7 32 08/29/02 34 1.37 0.87 0.68 0.19 start LT50
- 09/28/02 36 Cr=1.1

T-8 35 35wk obese,fatigue,UTI,PTL,vagbld,330# 10/02/02 35 5.08 0.63 0.90 -0.27 11.7 18.57 ST 75,staph,SVDx6,mg1.4
T-9 32 35wk fetal demise,adrenal hypoplasia 09/23/02 35 1.90 0.75 0.71 0.04 thrmbphl/cellulitis,hx depr,thyrsx,hx Hth
T-9 27 37wk MObesity,++c/o's 09/24/02 37 0.97 0.58 0.66 -0.08 SocEmotProbs,hx skin infects/rnl stne/?PE
T-10 21 40wk cleft lip,chorioEColi,margabrupt 09/29/02 40 2.10 0.76 0.73 0.03 3.4 marginsert,URI,neg thyrab,remoteHepC,mg1.5
T-11 21 PPD1,HTN,TOB2PPD 09/24/02 40 2.16 0.60 0.73 -0.13 Alb1.8,hxBV
T-12 22 1CS FTP,41weeks,10#4,funisitis,mg=1.2 10/06/02 41 4.24 0.92 0.85 0.07 bradcard pp,hx Hthyr?,wtloss on depo,905gmsPL

wks STDevdiff= 0.13

TSH/FT4 TSH FT4 FT4calc FT4-calc TT4 TSH's FT4's T3U's TT4
Ratio .49-4.67 .71-1.85 .6+.06*TSH delta 4.5-12.0

PREGNANCY AVERAGE 3.3 <<<< 2.53 0.76 0.75 0.01 9.6
(WITH PROBLEMS) STDev 1.79 0.16 0.11 0.19

PREG AVG (for TSH<2) 1.9 <<<< 1.30 0.70 0.68 0.02 10.4
PREG AVG (for TSH>2) 4.9 <<<< 4.06 0.84 0.84 -0.01 8.7 <<< I2def?

TSH (TSH<2 minus TSH>2) Differences = -3.0 -2.76 -0.13 -0.17 0.03 1.7 higher TSH has higher FT4 overall
STDev 1.95 0.09 0.12

PREG AVG (for <20wks) 4.3 <<<< 4.04 0.94 0.84 0.10 5.7 TSH, FT4 are higher <20 weeks (T4 is lower)

PREG AVG (for >20wks) ft4too low?* 2.8 <<<< 1.94 0.69 0.72 -0.02 10.8

WKS (<20wks minus >20wks) Differences = 1.5 2.10 0.25 0.13 0.12 -5.1 TSH, FT4 decrease/ T4 increases with GA
STDev 1.48 0.17 0.09

STD >20 weeks 1.32 0.11
Preg Avg >20wks/TSH <2 1.9 1.30 0.68 0.68 0.00

Preg Avg >20wks/TSH >2 4.7 3.40 0.73 0.80 -0.08

TSH (TSH<2 minus TSH>2) Differences for WKS>20wks -2.8 -2.10 -0.05 -0.13 0.08
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------------------ --- ---------------------- -------- ----  ----  ----  ----  ----  ---- ----  ---- ----- ----- -----------------------------------------  ----  ----  ----  ----

NON-PREGNANT/(WITH PROBLEMS) TSH FT4 FT4-AVG FT3 TT4 T3 UPFSH LH OTHER COMMENTS TSH's FT4's T3U's TT4
 NAME AGE DX DATE .49-4.67 .71-1.85 delta 2.3-4.2 4.5-12.0 .6-1.27 0-20 0-20

NP-1 21 Infert,anov 5/28/02 6.36 0.89 0.08 6.4 15 subclin,insulin=18(6-27)
- - 7/24/02 on LT4 50 1.62
- - 8/22/02 offT4(7/30-8/4),restart 8/5,start clomid 1.93 0.89

NP-2 22 hx SAB,fatigue,anov/bicorut/anemia/SVD 9/11/02 0.96 0.78 -0.03 7 6.8 irreg menses,recurr ov cysts
NP-3 26 IrregMenses 10/2/02 1.92 0.87 0.06 3 5.9 anovulation
NP-4 43 hthsxs,loBMD,permnpsx,BV,scarpain 9/24/02 1.93 0.66 -0.15 4.2 3.4 Fibr/TAH,BV,constp,0.05/premphase(10/5)
NP-5 46 9/4/02 3.06 0.91 0.10 13 7.3
NP-6 51 mnpse,fatigue,fibroids,bleeding 7/26/02 1.67 7.2 1.20 42 30 7.91 bleeding on cycHRT(7/26?)

- - 9/17/02 0.65 -0.16 st ST4 50 9/30, improved 10/2
56 menopause,depress,RA,SLE 8/8/95 47 105 on prempro5(7/16?) 0.2 0.75

- - 8/8/02 0.75 prempro start?
NP-7 - afib,MVA,pneumonia,vagbld 9/1/02 7.35 0.51 -0.30 MVA(1wk), stop prempro,heparin,+BCstaph

- - cx polyp 9/7/02 1.9 7.4 14.62 NSR on ST4 50 (9/2),restart prempro,cr=2 1.6
NP-8 50 menpse,IregMense,SVT 8/22/02 4.85 0.96 0.15 100 80
NP-9 46 IregMenses 9/4/04 2.40 0.95 0.14
NP-10 50 fibroids,chrnpain,fatigue,anemia,constp,hair 7/30/02 5.01 0.68 -0.13 st LT4 25,BV,b12=326,fol nl(macrocytes on pap)

- - 8/29/02 5.4 3.7 atrophic cx, prolif endom(7/24),Uincont 4.22 0.79
NP-11 64 ++hthsxs,brst cysts,numbness 9/9/02 2.59 0.73 -0.08 TVH,startcycHRT,st LT4 25(9/19),rpt6mo
NP-12 54 menpse,hth sx's,ov cyst,BV 10/2/02 5.61 0.99 0.18 68 42 bellpalsy,strtprmphse, imprvd/st 25(10/2)

65 PMB,fibroids,weak,BV 10/1/02 maintenance125,Aygestin5bid 0.61 1.3
NP-13 66 menpse sxs,kidstn,hrtvlvrepl 9/23/03 4.79 0.81 0.00 63 28 constp,insomnia,premphase9/30,0.075(9/30)
NP-14 24 (4wks PP) recurSAB 08/30/02 4wPP 3.46 0.97 0.16 1 0.8 sx,recurBV

- (8wks PP) anovulation 09/26/02 8wPP 2.2 9.1 start LT4 50,-ACA 5.96 0.87
STDevdiff= 0.15

TSH/FT4
NON-PREG AVERAGE 4.6 3.71 0.81 7.3

(WITH PROBLEMS) STDev 1.95 0.15

PREGNANT vs NON-PREGNANT (WITH PROBLEMS) COMPARISON TSH FT4 FT3 TT4 T3 UPFSH LH OTHER COMMENTS TSH's FT4's T3U's TT4
 NAME AGE DX .49-4.67 .71-1.85 2.3-4.2 4.5-12.0 .6-1.27 0-20 0-20

TSH/FT4
PREGNANT AVERAGE 3.3 <<<< 2.53 0.76 9.6
NON PREG AVERAGE 4.6 <<<< 3.71 0.81 7.3

PREG+NON AVERAGE 3.9 <<<< 3.03 0.78 9.0 0.17

PREG-NON DIFFERENCE >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>-1.3 >>>>>-1.18 -0.05 >>>>> 2.3 2.53

[Preg<20wk-NON] DIFF >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>0.3 >>>>>0.33 0.13 >>>>>-1.6 <20 weeks HCG effect maintains FT4?

[Preg>20wk-NON] DIFF**>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>-1.8 >>>>>-1.77 -0.12 >>>>> 3.5 <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<||||||||||||||||||||
[Preg<20wk->20wk] DIFF = 1.5 >>>>>2.10 0.25 >>>>>-5.1

[PregTSH<2-NON] DIFF >>>>>>>>>>>>>>>>>>        [<2-NON] = -2.4 >>>>>-2.41 -0.11 >>>>> 3.1
[PregTSH>2-NON] DIFF >>>>>>>>>>>>>>>>         [>2-NON] = 0.3 >>>>>0.35 0.02 >>>>> 1.4

------------------ --- ---------------------- -------- ---- -------- -------- -------- -------- -------- ----  ---- ----- ----- -----------------------------------------
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Above is the tabulation of patients with clinical problems, lab values and treatment 
comments. Averages and Differences for patients 20-41 weeks of Pregnancy and 
Non-Pregnancy are calculated. Five additional patients at 4-8 weeks Gestation 
(presenting with spontaneous miscarriage) are also tabulated.
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Shown above is FreeT4 vs TSH for the Non-Pregnant, and Pregnant patients at 20-41 weeks. 
Regression lines are shown, and no significant correlation is noted (particularly for TSH < 2.0).
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Above is the Plot of FreeT4 and TSH vs Gestational Age (GA) for 20-41 weeks of Pregnancy 
with regressions lines. No significant correlation is noted for either with Gestational Age, 
and the data is well represented by the Mean values.
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In an effort to better understand these findings, a regression fit was performed including 
early pregnancies 4-8 weeks. They represent Spontaneous Miscarriages. When these are 
included, the regression from 2-41 weeks indicates a global decrease in FreeT4 with 
Gestational Age from early to late pregnancy, contrary to the findings for 20-41 weeks, 
and consistent with reports in the literature.
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Free T4 vs GA 0-41 weeks
              Blend Fit 
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Estimation of HCG Stimulation of Free T4 in Early Pregnancy

        Free T4 is linear with HCG 
             in Early Pregnancy

 Free T4 Stim = (1.5-1.2) / (1x10-5 * [HCG])

                          = 3x10-6 * HCG (adapted from Glinoer et al 1990)

HCG changes with GA, peaking at
    10 weeks, and decreasing to 
       a constant after 20 weeks
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FreeT4 in Early Pregnancy is noted to have a linear relationship with HCG 
(Glinoer 1990, J. Clin. Endocrinol. Metab. 1990 71: 276-287). From this an expected change 
in FreeT4 = (1.5-1.2)x10-5 = [3x10-6 * HCG] can be estimated. Using the HCG change as a 
function of Gestational Age, an expected change in FreeT4 with Gestational Age can be 
estimated. This calculation is plotted below.



                Estimation of Free T4 
     Adding HCG Stimulation < 20 weeks

     Free T4 Linefit + HCG Stim (0-20 weeks)
              Free T4 Linefit (20-41 weeks)



                Estimation of Free T4 
     Adding HCG Stimulation < 20 weeks

     Free T4 Linefit + HCG Stim (0-20 weeks)
              Free T4 Linefit (20-41 weeks)
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The above left graph is the estimated change in FreeT4 due to HCG in early pregnancy. 
When this is added to the global regression fit from 2-41 weeks, the result is a graph that 
approximates the data <20 weeks. This is shown at the top right above, combined with the 
values from the linear fit for 20-41 weeks previously shown (lower right above).
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Free T4 vs GA Pregnancy
     Split Fit at 20 weeks 



The graph above plots the average FreeT4 for 2-20 weeks and 20-41 weeks with the 
patient data. Note that the difference in the means is ~0.23 ng/dl. This may provide 
a useful simplified approachto evaluating and treating pregnant patients with thyroid 
dysfunction.
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The graph above plots the average FreeT4 for 2-20 weeks and 20-41 weeks with the 
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     CONCLUSION

The data presented supports the idea that FreeT4 levels in Pregnancy 
may be modeled by the contributions of several components:

FreeT4Pregnancy = FreeT4NonPreg 
                                   +TSHstim
                                   + HCGsuppress 
                                   + HCGstim

FreeT4NonPreg = Free Thyroxine Levels of the non-pregnant patient
TSHstimulation = TSH stimulation of FT4 (?Pituitary)
TSHsuppression = HCG suppression of TSH (?Pituitary)
HCGstim = HCG stimulation of FreeT4 (?Thyroid)

                                                 Special thanks to Duncan Ferguson, PhD
                                                 University of Illinois, Urbana, USA 
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